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PREFACE. 



The following treatise contains nothing that is new, 
nothing that is original, nothing that the author 
claims as his own. The object he has proposed to 
himself has been to put into as condensed a form as 
was consistent with the nature of the subject, the 
knowledge and information dispersed through a 
numerous collection of authors, who have treated 
thereupon. They are mostly in foreign languages ; 
for it is much to be regretted that our own scientific 
authorities have not thought it worth their while to 
occupy theinselves with this highly. important branch 
of practical chemistry. 

The author has endeavoured, as conscientiously 
as possible, to avoid any questionable theory, or to 
quote as practical results any cases of whose correct- 
ness reasonable doubts might be entertained. There 
are, it is true, some theories propounded, some prac 
tices recommended, which are in direct contradiction 
to those usually received in England. They have 
not, however, been so advanced, unless the long ex- 
perience of the most distinguished foreign engineers 
has warranted him in believing that our own practice 
is based entirely upon prejudice. We are, whether for 
good or for evil, essentially a practical nation — we have 
a dislike to theory, almost to analysis — we examine 
reluctantly any habit we have long followed. As in 
politics, so we are even in building. Our forefathers 
made mortar in one way, as perfect as their know* 
ledge admitted, and doubtlessly that way was all that 
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was practically necessary to secure the results then 
sought for — so we continue without examination in 
the track they beat for us. Our requirements are^ 
however, very different. Railroads, and the construc- 
tions they necessitate, have modified very materially 
the science of construction. In England, especially 
of late years, works have been executed which so im- 
measurably surpass in boldness anything which had 
been previously attempted, that we may be justified 
in expressing our surprise that so few attempts have 
been made to ascertain the real nature of the mate- 
rials dealt with* Is it not to this neglect that we 
may attribute the numerous failures we read of? 

Some of these &ilnres have been so remarkable, 
and some recent business transactions have displayed 
so singular an inattention to the nature and proper- 
ties of lime, that the author deems it his right to 
provoke a discussion upon the subject, trusting that 
abler heads and hands will complete what he has so 
imperfectly begun. This branch of chemical know- 
ledge has been so entirely " revolutionized " of late, 
so much uncertainty still remains to overshadow it, 
that it would be woi*se than folly to make any asser- 
tion which would lead to a belief that even the very 
fundamental principles were not, even now, suscep- 
tible of modification. That which is to be desired 
above all things is to rouse the professions of engi- 
neers and architects from the apathy with which they 
treat such subjects as the one before us — ^the very 
alpha and omega of their business. There is, how- 
ever, something so invidious in attacking openly a 
generally-received opinion (as he has done in the 
case of the mode of making mortar practised in this 
country, page 65 and Subsequently), that he throws 
himself upon the consideration of his professional 
brethren, in the hope that they will excuse his 
boldness on the score of his sincere desire to ad* 
Vance the true interests of science. 
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At the same time he would beg to protest very 
energeticallj against the ^^ rule^of-thutnb " methods 
which prevail) in England, in the manipulation of 
mortars. Architects and engineers^ it is true, pre- 
scribe certain proportions of lime and sand to be 
employed ; but in reality " the foreman of the pug- 
mill," as the labourers call the person entrusted with 
this work, is the only authority, and he mixes the 
ingredients precisely as it suits his fancy. In reality, 
mortar-making is a branch of practical chemistry — 
on a large scale, it is true — ^one which does not ad-> 
mit of the care and exactness of the laboratory. But 
the safety of a building often depends upon the per- 
fection with which it is executed, and a great amount* 
of scientific acquirements is necessary to insure that 
perfection. Yet architects and engineers almost in- 
rariably leave every operation connected with it to 
ihe most ignorant class of workmen — to a man re- 
ceiving. 3«. per day, often unable to read; always 
of necessity ignorant of the principles which regulate 
the action of the materials he has to deal with. For 
more than twenty-one years the author has been 
employed in building operations ; but in the whole 
course of his experience he never saw in any con- 
struction, in England, a measure to verify the pro- 
Sortions of the ingredients used in the mortars, 
^hey do manage these things better in France ; un- 
fortunately they waste much time and money in en- 
deavouring to attain a chemical exactness of opera- 
tion. Of the two errors, however, it is certainly 
preferable to fall into that of being careful overmuch, 
than of neglecting the proper precautions. 

We have seen of late years far too many accidents 
happen, too many absurdities committed, not to ren« 
der it necessary to protest loudly agsdnst the care- 
lessness with which the use of limes is regarded^ 
One of the most important works executed of late 
years in London was built upon concrete made of 
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Stone lime, to which iron filings were added ai a 
most tremendous and useless expense. Another 
large work was described in the specification as to 
be executed with hydraulic lime ; and the engineer 
allowed the common stone lime to be used, although 
it is very far firom being what is properly called an 
hydraulic lime. We have known viaducts with piers 
100 ft. high executed with chalk lime ; they have 
fallen, and been rebuilt with the hydraulic lime, 
which only ought to have been employed; and we hear 
of puozzolano being used still in sea works. Surely, 
therefore, any examination of the nature of the ma- 
terials to be used, which will hereafter prevent a 
repetition of such mishaps, must be of service. 

The difierent scientific associations connected with 
building would confer a great boon if they would 
undertake a series of investigations upon the still 
undecided questions connected with the chemistry 
of the professions, and also if they would make a 
statistical statement of our mineral wealth, as far at 
least as our building materials are concerned. We 
require a series of observations upon the geological 
and geographical distribution of the rocks able to 
fiimish hydraulic limes. A synopsis of the building 
stones is also a desideratum ; for the Parliamentary 
Report upon the subject was very far indeed from 
being a satisfactory solution of its difficulties. Such 
an inquiry should be undertaken under the auspices 
of the united bodies of the engineers and architects.. 

There is still much to be added to this short trea- 
tise to render it perfect; perhaps there are many 
things to change. The author will be satisfied if he 
should have succeeded in calling the attention of 
more competent people to a subject which has long 
interested him, and which is still involved in great 
obscurity. 
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CHAPTER I. 



CURSORY VIEW OF THE PROGRESS OF DISCOVERY IN 
eCBSji THE SCIENCE CONNECTED WITH LIMES, ETC. 

The use of some cementiDg material to bind toge- 
ther the small stones or bricks employed in the con- 
struction of walls, and also for the purpose of giving 
them a smooth surface adapted to receive poljchromic 
or other decoration, dates from a very high antiquity. 
It is, however, probable that it was subsequently to the 
discovery of the art of brickmaking, that the ancients 
arrived at that of burning lime. Indeed, the use of 
moistened clay, which was found to have a certain 
ductility, and to harden also in drying, was likely to 
have preceded that of lime, as a cement; for the 
qualities, and the mode of obtaining the latter, were of 
a nature to require long study and great experience. 
The Assyrians and Babylonians appear to have 
employed either moistened clay or the bitumen so 
plentifully supplied by the springs in their country. 
Some doubt appears to exist as to whether these 
people did really use mortar. Captain Mignan 
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sometimes talks of bricks which were cemented to- 
gether with a coarse layer of lime. " At others/' 
he says that, ^'between the brickwork at irregular 
distances a layer of white substance is perceptible, 
varying from 4 ii^* to 1 in. in thickness, not unlike 
burnt gypsum or the sulphate of lime. From the 
peculiarly mollified state of the bricks I apprehend 
this white powder is nothing more than common 
earth, which has undergone this change by the in- 
fluence of the air on the clay composing the bricks." 

The Egyptians, however, used mortar in the con- 
struction of their pyramids. Mr. Cressy has, in- 
deed, given an analysis of that of the pjrramid of 
Cheops, which shows that they possessed nearly as 
much practical knowledge of the subject as we do at 
the present day. (Theory and Pntctice of Engi-^ 
neerififf, pages 717 and 718.) 

Sir Gardner Wilkinson also mentions that the in- 
terior of some of the pyramids were stuccoed, but 
he does not give any description by which we might 
even guess at the nature of the materials employed. 

The Greeks, at a very early period of their civi- 
lization, used compositions, of which lime was the 
base, to render the walls constructed in unbumt 
bricks. According to Plinius and Yitruvius the pa^ 
lace of Crcesus, the Mausoleum, and the palace of 
Attains were protected, or ornamented, in this man- 
ner. According to Strabo the walls of Tyre were 
built of stone set with gypsum, a very common ma- 
terial apparently in Asia Minor, and the centre of 
the old Assyrian civilization. 

In Italy the first people who employed mortar in 
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their buildings were the Etrascans. Gori, in his 
Mmeum Etruscum, mentions that in the tombs 
found near their ancient cities, such as Iguvium, 
Clnsinm, Volterra, the constructions were made with 
mortar. Near Volterra also, in 1739, a cistern, en- 
tirely built and lined with that material, was disco- 
vered. A branch of this 'nation, known under the 
name of Tyrhenians, were considered hy the Greeks 
to have invented, or at least considerably improved, 
the art of masonry. The most ancient authors, such 
as Homer, Hesiod, Herodotus, and Thucydides, 
speak of them under that name, and call their walls 
by the word " tyrsis," instead of " teichos," the one 
used by the more modem authors. The word " tyr- 
sis " is supposed to have had the same signification 
in the Etruscan language ; and the towers erected 
for the purpose of fortification were also called " tyr- 
seis " by the Greeks. 

The Romans, as is well known, derived all their 
knowledge of the arts either from the Etruscans or 
the Greeks. They added little to the general stock 
of knowledge as to the use of limes, but Vitruvius is 
the first author upon the subject whose works have 
descended to us. The text of this remarkable man's 
work shows that the ancients, although they adopted 
a different scientific phraseology from that in fashion 
in the 18th century, knew as much of the laws regu- 
lating this branch of chemistry as the modems of 
that time. For all practical purposes Vitruvius is 
even now as safe a guide as the authors who treated 
the subject subsequently ; at least until we arrive at 
the researches of M. Vicat. 
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Plinius and St. Augustin treat occasionally about 
limes and cements ; the former, principally to com* 
plain of the malpractices of the builders ; the latter^ 
to seek metaphysical comparisons. On the revival 
of literature, after the Cimmerian darkness of the 
middle ages, which it is now so much the fashion to 
admire, the authors who* treated upon the art of 
building, such as Alberti, Palladio, Barbaro, Phili* 
bert de TOrme, Scamozzi, Savot, Bullet and Blon- 
del, did but follow in the traces of Vitruvius. There 
was a little difference of opinion, it is true, as to the 
quality of sand which it was most advisable to use: 
some new limes, some puozzolanos, terrass, and 
ashes, were employed to give to certaiu other limes 
the faculty of setting under water : but no advance 
seems to have been made towards ascertaining the. 
principles which regulate this branch of chemistry. 

It is, indeed, worthy of remark, that the more useful 
arts appear to be carefully studied until the practical 
results they are capable of producing are ascer- 
tained; then the rules drawn from such results are 
received implicitly for a long period, and any attempt 
to ascertain the laws which regulate them is re- 
garded as useless. We, the human race, appear to 
attain empirical knowledge quickly ; scientific know- 
ledge arrives at a much later period. So it was with 
limes : so it is with the casting and puddling of iron 
— a subject equally, if not more, interesting. 

The first serious attempt made to ascertain the 
causes which gave some limes the power of setting 
under water, and which modified their rates of 
hardening, was made by the father of civil engineer-. 
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ing in England, John Smeaton, in 1756. Being at 
that time engaged in the construction of the Eddy- 
stone Lighthouse, he found it necessary to have a 
cement capable of hardening at once in the water ; 
he therefore began a series of experiments, which 
are detailed in his account of the building of that 
work ; book iii», chap. 3» * The results he arrived at 
were very remarkable, not only for their practical 
utility, but also as an illustration of the ease with 
which a very acute observer may stop short on this 
side of the attainment of a great truth. Smeaton 
found that the commonly received opinion that the 
harder stones gave the best limes, was only true as 
far as regarded each quality considered by itself. 
That is to sav, that of limes not fit to be used as 
^^ water cements,^' those made of the hardest stones 
were the best for certain uses in the air ; but that 
whether obtained from the hardest marble, or the 
softest chalk, such limes were equally useless when 
employed under water. He found that all the limes 
which could set under water were obtained from the 
calcination of such limestones as contained a large 
portion of clay in their composition. His experi- 
ments led him to use, for the important work of the 
lighthouse, a cement compounded of blue lias lime 
from Aberthaw, and of puozzolano brought from 
Civita Vecchia, near Rome. Even at the present 
day it would be difficult to employ a better material 
than this, excepting that the price would ensure a 
preference to the Roman cement, then unknown* 
But Smeaton, after giving a table showing that all 
the water limes contained clay in the limestones 
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from whence they were extracted, in proportions 
varying from -^ to 3V9 go^s ^^ to say, ^^that it 
remains a curious question, which I must leave to 
the learned naturalist and chemist, why an inter^ 
mediate mixture of clay in the composition of lime. 
stone of any kind, either hard or soft, should render 
it capable of setting in water in a manner no pure 
lime, I have yet seen, from any kind of stone what* 
soever, has been capable of doing. It is easy to add 
clay in any proportion to a pure lime, but it pro- 
duces no such effect ; it is easy to add brick dust, 
either finely or coarsely powdered, to such lime in 
any proportion also ; but this seems unattended with 
any other effect than what arises from other bodies 
become porous and spongy, and therefore absorbent 
of water as already hinted, and excepting what may 
reasonably be attributed to the irony particles that 
red brick-dust may contain. In short, I have as yet 
found no treatment of pure calcareous lime that ren* 
dered it more fit to set in water than it is by nature, 
except what is to be derived from the admixture of 
trass, puozzolano, and some ferruginous substance of 
a similar nature." 

The stress Smeaton laid upon the presence of the 
ferruginous substance, led many chemists to attribute 
the hydraulicity of limes to the presence of the oxide 
of iron. Guyton de Morveau and Bergmann, finding 
the oxide of manganese in the hydraulic limes they 
analyzed, regarded it as producing the effect in 
question. Their researches were nearly contempo* 
raneous with those of Smeaton. Thirty years after- 
wards, Saussure observed that the lime of the Cha* 
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mouni set under water, though entirely without 
manganese; and he, therefore, like Smeaton, attri- 
buted this faculty to the presence of the clay. In 
1813, Colets Descotils, on analyzing the compact 
marl of Senonches, found in it nearly one quarter of 
alex, which led him to the conclusion that the cause 
of the phenomenon consisted in the presence of a 
large quantity of siliceous matter, disseminated in 
very fine particles in the tissue of the stone itself. 

To continue the quotation from Yicat — ^^The 
opinion of Descotils did not weaken or invalidate 
that of Saussure, since clay contains generally more 
silex than alumina; and the two chemists agreed, 
moreover, in considering the oxide of manganese, if 
not as a useless element, at least as one which was 
not essential. This was the state of the question in 
1813; and it was with the intention of putting an 
end to all doubts upon the subject that I decided 
at that epoch to proceed sjmthetically, and to com- 
pose hydraulic limes entirely, by burning different 
mixtures of common lime, slacked spontaneously, 
with clay : the success surpassed my hopes. All the 
clays, rich and soft to the touch, gave the same 
results ; my experiments were repeated in Paris, in 
1817, with the limes of Cleyes and of Champigny, 
and the clay from Yauvres ; subsequent experiments, 
by Mr. St Leger, in England, and by M. Baucourt 
de Charleville, in Russia, confirmed the results 
previously obtained." 

The subsequent researches of the most eminent 
chemists and engineers have but confirmed the 
theory to which Yicat was led by his experiments, 
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with a few unimportant rectifications of detail. 
Berthier, Dumas, Hassenfraz, Treussart, Th^nard, 
Gay Lussac, Petot, Sgauzin, Girard, in France, 
John of Berlin, and Pasely, in our own country, as 
well as all the scientific authors who have treated 
upon the subject throughout the globe, have arrived 
at the same conclusions as Yicat with respect to 
the causes which influence the different actions of 
lime. The following condensed statement of the 
usually received theory may, therefore, be taken as 
representing the actual state of this branch of che- 
mical and engineering science. 



CHAPTER II. 



CHEMICAL THEORY OF THE ACTION OF LIMES, 
AND THEIR CLASSIFICATION. 

Pure lime, as regarded in chemistry, is a metallic 
oxide, having strong alkaline properties. It is caustic, 
and turns green the vegetable blues. Its specific 
gravity, according to Kirwan, is 2.3. It is very 
difficult of fusion, but greatly assists the fiision of 
other earthy bodies. At an ordinary temperature 
pure water can dissolve ytT of its own weight of 
lime ; but, when boiling, it dissolves less. Dr. Dalton 
states that water at the following degrees of the 
centigrade scale will dissolve the following pro- 
portions of lime, and of its hydrate, viz. : — 

At 15° 5 centigrade it dissolves ^ of lime, and ^^ of the hydrate. 

w ^0 » J9 5T3 »» 755 f> 

» 100^ „ „ 7^^ „ 932 „ 
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The pure metallic base never occurs in nature, nor 
does pure lime, its protoxide. If the pure lime were 
exposed for a period however short, it would absorb the 
water and carbonic acid gas of the atmosphere. We 
therefore find it in the state of carbonate and subcar- 
bonate of lime, in which it is very extensively diffused. 
The lime of commerce is obtained by the calcination 
of these carbonates, and the process consists in driv- 
ing off by heat the carbonic acid gas which is in com- 
bination. 

The minerals which contain the carbonate of lime, 
and which are designated under the generic name of 
^^ limestones, " or ^^ calcareous stones," are of very va- 
rious natures. They are mostly composed of carbon- 
ate of lime, of magnesia, of oxide of iron, and of 
manganese combined in variable proportions ; and 
at others they admit in a state of mechanical admix- 
ture of clay (either bituminous, or not) of quartzose 
sand, and of numerous other substances. The name 
of limestone is more especially applied to such of 
the above mixtures as contain at least one half of 
their weight of carbonate of lime. Mineralogists dis- 
tinguish the subdivisions by the names of the ^^ argil- 
laceous, magnesian, sandy, ferruginous, bituminous, 
fetid,*^ &c. These subdivisions, again, are often 
characterized by varieties of form and contexture, 
which they specify under the names of the lamellar, 
saccharoid, granular, compact, oolitic, chalky, pul- 
verulent, pseudomorphic, concreted, &c. &c. 

This nomenclature is important; for every descrip- 
tion of limestone yields a lime of different quality, 
distinct in colour and weight, its avidity for water, 

B 3 



10 ON LIMBS, OALCABEOI78 CEMENT8| 

and eftpecially in the degree of hardness it is capable 
of assuming when made into mortar. But the physical 
and mechanical nature of a stone are far from being 
certain guides as to the quality of the lime it can yield. 
A chemical analysis also frequently gives different 
results from those obtained in practice. Experience 
alone should be the guide of the engineer, or of the 
builder. 

The 'carbonate of lime occurs in nearly all the 
geological formations, but it is scarce in the primary 
ones. In the transition rocks it is more abundant ; 
and it constitutes the great mass of the secondary 
and tertiary formations. It is worked largely, either 
for the purpose of obtaining building stones, or for the 
burning for lime. The calcareous rocks of the pri- 
mary formations, and of the early transition series, 
furnish stones which are worked under the name of 
marbles. The secondary and tertiary calcareous 
rocks contain the mixtures of clay and other ingre- 
dients which render them the most adapted to furnish 
limes. 

After a calcination sufficient to disengage the car- 
bonic acid gas, the stone will be found to have 
diminished considerably in weight, and it then pos- 
sesses the property of absorbing ^"water, either with 
or without a disengagement of heat. It cracks and 
falls to pieces whilst thus combining with the water, 
or slacking, as the workmen call the process of 
passing into the state of a hydrate. 

The principal characteristics of the hydrate of 
lime are that it is white and pulverulent; much less 
caustic than quick lime. It parts easily with the 
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first portions of its water of combination if exposed 
to fire, or even to mere fiiction ; but it requires a 
very high degree of heat to cause it to part with the 
whole of the water. There is still a great degree of 
uncertainty as to the chemical action of the hydrates. 
Generally speaking, they are considered not to absorb 
oxygen; but Treussart supposes that they do so, and 
that they undergo important modifications in conse- 
qnence. The quantity of water that limes solidify in 
passing to the state of hydrates is also a question 
upon which much doubt exists amongst chemists. 
Berzelius supposed that the hydrates were formed of 
water and the metallic oxides, in such proportions 
as that the quantity of oxygen contained in the water 
be equal to the oxygen contained in the oxide. 
Thus, the hydrate of lime absorbs the carbonic acid 
gas from the air, or even (with the best limes) from the 
water if immersed therein ; and after a period vary- 
ing with the nature of the limestones from which it 
was prepared, it solidifies with an imperfect ciystal- 
lizatibn. 100 parts of pure lime, which contain 28'16 
parts of oxygen, Berzelius supposes to combine 
with 82*1 parts of water, which contain also 28*8 
of oxygen. Th^nard, however, does not admit this 
to be the law in all cases; and certainly some of 
Treussart's experiments would induce us to hesitate 
before we admit it. The hydrates, under the action 
of the voltaic pile, assume tiie same action as the 
oxides. Bodies capable of decomposing water, 
always act upon them, even upon such as heat does 
not affect ; acids also decompose the hydrates when 
these are produced from the oxides of mineral bascF 
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If we observe the phenomena which attend the 
slacking and hardening, or, to nse the workman^s 
phrase, the setting of lime, we find that they may- 
be ranged in the following order. The lime in these 
experiments is supposed to be perfectly fresh, and is 
immersed in a small basket, in perfectly pare water, 
for the space of five or six seconds only. It is then 
allowed to dry, or at least the loose uncombined 
water is allowed to run off, and the contents of the 
basket are then emptied into a stone or iron mortar. 

1. The lime hisses, crackles, swells, gives off a 
large quantity of very hot vapour, and falls into 
powder instantly ; or, 

2. The lime remains inert for a period of variable 
duration, but which does not exceed five or six 
minutes; after which the phenomena above de- 
scribed declare themselves energetically: or, 

3. The lime, again, remains inert for five or six 
minutes, or the period of its inactivity may extend 
to a quarter of an hour. It then begins to give off 
vapour and to crack, without decrepitating to any 
great extent. The steam formed is less abundant, 
and the evolution of heat is less than in the two 
former cases : or, 

4. The phenomena only commence an hour ajfter 
the immersion of the lime, and sometimes even after 
a lapse of time still more considerable. The lime 
cracks, without decrepitation, it gives off little steam 
or heat : or, 

5. The phenomena commence at epochs which 
are very variable, but they are hardly perceptible ; 
the heat given off is only distinguishable by the 



MOBTARS, STUCCOS^ AND CONCBETES. 13 

touch ; the lime does not fall easily into powder, and 
at times it does not do so at all. 

Before the effervescence has entirely disappeared, 
the slacking of the lime should be completed. As 
soon as the cracking and falling to pieces begins, 
water should be poured into the vase, not upon the 
lime, but by the side, so that it may flow freely to 
the bottom, from whence it would be absorbed by 
the portions of the lime in a sufficiently advanced 
state of chemical action to require it. The compost 
should be frequently stirred, and sufficient water 
should be added, taking care not to flood the lime, 
but merely to bring it to the consistence of a thick 
paste. 

Thus prepared, the lime should be left to itself 
until all the inert particles have had time to com* 
plete their action. The end of this is announced by 
the cooling of the mass, and it may last from two to 
three hours, or sometimes even more. 

The limes should then be beaten up again, and 
water added, if necessary, until a paste be obtained 
as firm as possible; but at the same time preserving 
a certain degree of ductility. Its consistence should 
be equal to that of clay ready to be worked into 
pottery. A vase should then be taken and well filled 
with this paste ; it should be marked and immersed 
in water, taking note of the day and hour of the im- 
mersion. 

Careful observations made upon the limes thus 
treated show that they may be divided into the five 
following classes: namely, 1, the rich limes; 2, the 
poor limes; 3, the limes middlingly hydraulic: 
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4, the hydraulic limes ; and, 6^ the eminently hy- 
draulic limes. Smeaton and the bulk of the English 
engineers use the term water lime instead of hydrau- 
lic ; but it appeared to me advisable, for the sake of 
uniformity of nomenclature, to preserve the one 
adopted throughout the Continent, It is, then, to 
be understood that wherever the term hydraulic Ume 
occurs, it signifies the same as that of water lime, 
and means one which possesses the property of set- 
ting under water. 

1. The rich Umes are the purest metallic oxides 
of calcium we possess, and the purer the carbonate 
of lime fh>m which they are obtained, the more dis- 
tinctly marked are the appearances from which they 
derive their name. These are, that they augment in 
volume to twice their original bulk, or even more 
than that when slacked in the usual manner. If 
employed by themselves without any admixture of 
-foreign substances, their consistency, even after 
many years of immersion, is the same as on the first 
day. If exposed to pure water frequently renewed, 
the very last particle would be taken up in solution 
by the water. 

2. The poor limes are those which either do not 
augment in bulk at all, or only do so to a very tri- 
fling extent, when slacked. They set under water as 
little as the rich limes, and are acted upon by that 
agent in the same manner, excepting that they leave 
a small residuum without consistence. 

3. The middlingly hydraulic limes set after from 
fifteen to twenty days' immersion, and continue to 
harden for some time afterwards ; but the progress 
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of their hardening diminishes after the sixth or 
eighth month ; after a year their consistence is equal 
to that of dry soap. They dissolve, but with diffi- 
culty, in frequently renewed pure water. The change 
of bulk they undergo in slacking is the same as that 
of the poor limes, but never equal to that of the 
richer varieties. 

4. The hydraulic limes set after from six to eight 
days* immersion, and continue to harden ; the pro- 
gress of this solidification may extend to twelve 
months, although the greater part of it is completed 
by the end of the first six. At this last epoch the 
lime is already of the consistence of the softer build- 
ing stones, and the water in which it is immersed is 
no longer able to dissolve it. Its change in bulk in 
slacking is about the same as that of the poor limes. 

5. The eminently hydraulic limes set within the 
third or fourth day of their immersion. After a 
month they are already quite hard, and capable of 
resisting the dissolvent action of running water. At 
the end of six months they are capable of being 
worked like the harder natural limestones, and pre- 
sent a fracture closely resembling that of the latter. 
Their change in bulk is invariably as small as that 
of the poor limes. 

It is to be observed that all the qualities of lime, 
whether rich, poor, or hydraulic in any degree, as- 
sume indifferently any colour. They may be either 
white, gray, yellow, buff, or red, without any corre- 
sponding change in their quality, as far at least as 
our present knowledge of the art of lime-burning 
will allow us to assert with any degree of certainty. 



16 ON LIMES, CALCAREOUS CEMENTS, 

We shall have occasion to revert to this question of 
the colour of limes when we treat of their calcination 
in a subsequent chapter. 



CHAPTEH III. 



ON THE CHEMICAL NATURE AND GEOLOGICAL POSITION 
OF THE STONES WHICH FURNISH THE DIFFERENT 
SORTS OF LIME. 

A CHEMICAL examination of the stones which furnish 
the different limes of the preceding classification, 
shows that the pure calcareous rocks, or such as 
contain only from 1 to 6 per cent, of silex, alu- 
mina, magnesia, iron, &c., either separately or in 
combination, give rich limes upon being burnt. 

2. The limestones containing silica in the state of 
sand, magnesia, the oxides of iron and of manganese, 
in various respective proportions, but limited to be- 
tween 15 to 30 per cent, of the whole mass, yield 
poor limes. 

3. The limestones containing silex in combination 
with alumina (common clay), magnesia, the oxides 
of iron and of manganese, in various respective pro- 
portions, but limited to 8 or 12 per cent, of the 
whole mass, yield moderately hydraulic limes. 

4. When the above ingredients are present in the 
proportion of from 15 to 18 per cent., but the silex 
always predominating, the limestones yield an hy- 
draulic lime. 

5. When the limestones contain more than 20 
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and up to 30 per cent, of the above ingredients, but 
with the silex in the proportion of at least one-half 
of them, the limestones yield eminently hydraulic 
limes. 

The experiments upon which the above conclu- 
sions are based show that limes owe their hydrau- 
licity, or power of setting under water, to the pre- 
sence of a certain quantity of clay, and sometimes, 
but rarely, to that of a certain quantity of pure silex. 
It is supposed that during the calcination silicates 
of lime and alumina are formed, with an excess of 
lime ; these in slacking absorb a quantity of water, 
and solidify in combining therewith ; being insoluble 
in water they remain therein without decomposing, 
or at least they only jrield the small proportion of 
lime which might have existed in excess in their 
combination. 

In the actual state of our chemical knowledge it 
is impossible to say whether there exist any definite 
proportions either of silex alone, of silex and alumina, 
of silex or magnesia, &c., which are capable, when 
mixed with the same quantity of pure lime, of pro- 
ducing hydraulic limes of similar qualities. Indeed 
the whole of this branch of chemistry, notwithstand- 
ing the important discoveries made in it of late 
years, is still very little understood. The action of 
the oxide of iron, for instance, quite escapes the 
attempts made to include it within any law. Ber- 
thier found that a mixture of 4 parts of chalk with 
1 of ochre, containing 0*07 parts of oxide of iron, 
gave a very bad lime, one incapable of hardening 
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under water. Yet we know that the Sheppy stone 
contains 0*086 of the same oxide, and the Bou- 
logne cement stone contains as much as 0*15; both 
of these, as we all know, do set under water, 
not only with rapidity, but with a great degree of 
hardness. Treussart burnt a mixture of chalk and 
iron filings from a blacksmith's shop, of chalk with 
the black and the brown oxides of iron, at different 
degrees of calcination, of chalk and steel filings, but 
he only obtained rich limes without any degree of 
hydraulicity. Smeaton, however, had preiriously ob« 
tained different results, for he states that minion, 
a calcined iron ore, obtained firom the outside 
of the nodules of the stone after the first roast- 
ing, communicated in a very great degree the power 
of setting under water to rich limes. He adds, in a 
note worthy of particular attention, that the ^^ minion 
is supposed by Mr. Mitchell to be what falls from 
the outside of the iron stone, and therefore contain- 
ing more clay." 

The action of the magnesia seems also involved in 
the same obscurity. M. Parandier tried some ex* 
periments by mixing the chalk with pure magnesia, 
but he only obtained very feebly hydraulic limes. 
Dumas states positively, if more than 10 per cent, 
of magnesia be present, the limes begin to become 
poor ; and that with 25 per cent, they become de- 
cidedly poor. Berthier, however, gives an analysis 
of the lime obtained from a mixture of the stone of 
Villefranche, near Paris, with dissolved silica, in the 
proportion of 5 of the stone to 1 of the silica, in 



M0BTAB8, 8TUCC0S, AND CONCBETES. 19 

which the lime appears in the fonn of a carbonatOi 

to the amount of • *609 

The carbonate of magnesium . 0*801 

,, of iron . . 0030 

,j of manganese . 0*060 

Total 1-000 

The lime obtained thus became much harder under 
water than any even of the natural hydraulic limes. 
Again, when the magnesian limestones, found nearer 
Paris, are mixed with one-fifth of their bulk of 
siUcious matter, in dissolution, they yield a lime still 
more energetic in its hydraulic properties, although 
the carbonate of magnesia is present in the proper* 
tion of 23 per cent. 

Yicat, in a recent article upon the magnesian 
limestones, endeavours to resume our knowledge of 
the subject; but his conclusions are far from satis&c« 
tory, and there still remains a doubt upon the action 
of the magnesia, which it were much to be desired 
that modem chemists should remove. He says, that 
^^ without clay, that is to say, without silica, limes 
cannot be decidedly hydraulic. The different com* 
binations I have tried, by mixing pure chalk and 
magnesia, have only produced limes susceptible of 
setting in the commencement, without any ulterior 
progress ; but this solidification, imperfect though it 
be, denotes in the magnesia certain hydraulic pro- 
perties which the alumina itself does not possess. 
If, then, some portions of clay be present, it might 
happen that a triple hydrate, of lime, of alumina, and 
of magnesia, might be formed, which should possr^ 
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all the conditions of hardness and of progression 
which characterize the best hydraulic limes*" 

He further states that two species of limestones 
which were found to consist respectively, before 
burning, as follows, viz. — 

Clay . . 4-00) 

Carbonate of lime 42*50 > and 
„ of magnesia 53*50 ; 

gave limes possessing the hydraulic character in an 
eminent degree. Parandier states that a stone com- 
posed of 58 parts of carbonate of lime, 11 of clay, 
and 31 of carbonate of magnesia, yields a very excel- 
lent hydraulic lime. 

One law is however certain, namely, that no lime- 
stones are able to produce an hydraulic lime, unless 
silica be present in combination with alumina. All 
experiments, both analytical and synthetical, show 
that in the proportions cited in the beginning of this 
chapter, the silicate of alumina is capable of commu- 
nicating the different qualities therein mentioned. 
It may, therefore, be regarded, practically, as the 
most efficient agent in producing the power of 
setting under water; and as being the one whose 
presence should be most sought for, and supplied, 
whenever it is desired to obtain limes of that de- 
scription. 

Owing to the inconceivable negligence of the en- 
gineering profession in our country, we have no sta- 
tistical account of the various hydraulic limes pro- 
duced in England. It may, therefore, be interesting 
if we were to state the laws which appear to regulate 



MOBTABS, STUCCOSy AND CONCBETES. 21 

the geological distribution of the rocks which supply 
them. The knowledge of these laws may prevent 
many useless researches, and save, perhaps, some 
injudicious outlay of capital. 

It is known that every stratified geological forma* 
tion comprehends a series of beds, whose deposition 
corresponds with the various periods of existence of 
the marine basin in which they were formed, which 
marine basin must have had its hydrographical 
limits, its affluents, &c. In the first periods, imme* 
diately after the cataclysms and the great erosions 
(which, in disturbing the statu quo of the preceding 
geological epoch, had given rise to the new order 
of things), the sedimentaiy deposits must principally 
have owed their origin to the matters held in sus- 
pension in the liquid. They must have taken the form, 
for the most part, and throughout the whole extent 
of the basin, of agglomerated rocks, sandstones, clays, 
&c., except in the isolated points of the affluents, in 
the great depressions of the bottom, and in the very 
deep waters, where the materials brought down by 
the currents could not arrive, and where the beds 
took a degree of compactness difierent from that 
which is to be found on the borders of the basin. 
By degrees the matters held in chemical suspension 
in the waters, and which were in the beginning 
mingled with those in mechanical suspension thus 
brought down, began to deposit, in greater relative 
proportions, as soon as the geological condition of 
the basin had resumed a normal state. At times 
recurrences of the great agitations of the strata re- 
produced in the same geological epoch, but always 



22 ON LIME8, CALCAREOUS CEMENTS, 

during a shorter period, and with less intensity, the 
same phenomena. 

Thus, iu the lower divisions of the secondary 
strata, we find the marls, the siliceous sands, and 
clays, the calcareous marls, the ferruginous strata ; 
then the limestones with all the different varieties of 
texture and composition ; and, lastly, we find the mag- 
nesian limestones. The contact of certain forma- 
tions either contemporaneous with, or posterior to, the 
formation of the different strata, often modifies these 
last. The presence of certain ingredients, and the 
secular action of the exterior agents, also often pro- 
duce very remarkable modifications or alterations, 
and even some molecular transformations, which are 
very curious, changing even the chemical and physi- 
cal properties of the rocks. But these phenomena 
have their particular laws, and their definite epochs 
of appearance : and we can calculate with a toler- 
able degree of certainty upon the extent of their 
action. 

It is easily to be conceived, from what is stated 
above, that we should be able to predicate within 
certain limits the points at which the rocks are 
likely to contain the elements the most favourable to 
the attainment of the object in view in such re- 
searches as the one before us. The materials likely 
to fiimish us the sands and clays fit to be converted 
into artificial puozzolanos, are generally to be met 
with at the bottom of the sedimentary formations. 
The limestones likely to yield hydraulic limes occur 
amongst the marly or argillaceous beds ; or at the 
points where these last pass into the purer cal- 
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careoOB rocks, and which are marked by the intercal- 
lation of strata of limestone and clays. The upper 
members of all the series may be regarded as being 
too firee from argillaceous matter to furnish anything 
but rich limes. 

Amongst the secondary formations we find, for 
instance, that the lower chalk marl passes into the 
clays of the gait, or the upper green sand ; and that 
it yields a lime which is often eminently hydraulic. 
In the green sand there are few solid calcareous 
rocks ; there axe few also in the lower members of 
the cretaceous formations below the green sand. 
Hydraulic limes are to be obtained from the beds of 
limestone intercallated between the marls of the 
Kimmeridge clay; and also in the Oxford clay at the 
passage between the upper and lower calcareous 
groups of this division of the sedimentary rocks. 

A very important observation is to be made re- 
specting the results of the calcination of the different 
limestones. It is, that those which are obtained from 
the stones containing much silica in the composition 
of the clay, swell in setting, and are likely to dislocate 
the masonry executed with them. Those, on the 
contrary, in which the alumina is in excess, are likely 
to shrink and to crack. The magnesian limestones, 
or dolomites, appear to be the least exposed to these 
inconveniences, and to retain without alteration their 
original bulk. The limes obtained from the Oxford 
clay generally swell ; those from the chalk marl con- 
tract 

Another observation is, that the limestones which 
contain many fossils, are also exposed to the serious 
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inconvenience of producing a lime exposed to the 
risk of slacking at Tarious and uncertain periods. 
Whether it arise from the fact that the decomposition 
of the animal matter had previously affected the na- 
ture of the limestone in contact with it, or from that 
of the different action of the calcination upon the 
shells, we mostly find that the fossiliferous limestones 
contain black spots which do not slack at the same 
time as the rest of the lime, or which retain their 
avidity for water to a later period ; and in either case 
they swell, and disintegrate the mass around them. 

It were to be desired that a series of observations 
were made upon the different limestones throughout 
England, with a view to the classification of the 
limes they produce. To aid the formation of a set 
of tables of this kind, we subjoin a list of the head- 
ings under which the observations should be ar- 
ranged. 

Column I. The number of the specimen. 
„ 2. The locality whence extracted. 
„ 3. The geological position and minera- 

logical name. 
„ 4. The geological constitution and im- 
portance of the beds and country on 
which the observations are made. 
„ 5. The physical characteristics of the 

stone. 
„ 6. The chemical analysis. 
„ 7. The mode of burning. 
„ 8. The properties of the matter burnt. 
„ 9. Observations upon the slacking of the 
lime. 
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Column 10. Observations upon the trials of its hy- 

draulicity. 
jj 11. General remarks. 

The mode of analysis recommended by Berthier 
to ascertain whether a stone be, or be not, fit to be 
burnt for the purpose of obtaining an hydraulic lime 
is as follows : — 

'^ The stone should be powdered, and passed 
through a silk sieve ; ten grammes of this dust are 
to be put into a capsule, and by degrees diluted 
muriatic acid is to bo poured upon it, stirring it up 
continually with a glass or wooden rod ; when the 
effervescence ceases no more acid is to be added. 
The dissolution is then to be evaporated by a gentle 
heat until it is reduced to the state of a paste ; it is 
then to be mixed with a half of a litre of water, and 
filtered ; the clay will remain upon the filter. This 
substance is to be dried and weighed; the desiccation 
being made as perfect as possible. Lime water is 
then to be added to the remaining solution as long 
as any precipitation takes place from it. This pre- 
cipitate must be collected as quickly as possible 
upon a filter; it is then desiccated and weighed. It 
is magnesia, often combined with iron and manga* 
nese." For all practical purposes the above analysis 
is sufficiently accurate, and enters into all the details 
necessary. 
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CHAPTER IV, 

ON THE CALCINATION OP LIMESTONES. 

The calcination of limestones may be affected in 
Tarious manners; it requires certain conditions wbich 
are very simple and easily attainable. The carbon- 
ate of lime requires to be brought to a red beat, in 
order tbat the carbonic acid gas may be disengaged ; 
and it must be maintained in a continued and unin- 
terrupted manner at that heat, duiing several hour«f 
in order that all the gas may escape. In general, the 
time necessary for the complete e?cpulsion of the gas, 
will be in proportion to the size of the pieces of stone 
operated upon ; it will be longer in proportion as the 
stones are bigger, denser, and drier. The operation 
will be shorter with limestone broken into small 
pieces, of a lighter nature, and moister. So well 
known is this last fact, that the limeburners water 
the stone, if they are prevented from using it fresh 
from the quarry. 

It is easy to conceive that the interior parts of 
large pieces of limestone can only receive the heat 
through an envelope of feebly conducting powers ; 
and, moreover, that the carbonic acid gas has a cer* 
tain pressure to overcome^ in this case, before it can 
escape. The influence of the water may be explained 
in two manners: either it acts upon the carbonate 
of lime by entering into the formation of a temporary 
hydrate, and by replacing the carbonic acid for a 
very short space of time in the parts of the limestone 
first affected by the fire (for the hydrate itself, as we 
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have already saen, is deeomposed bj heat) ; or, the 
wat^r, baing itself deoomposed by the combustible 
employed, takes the form of different gases, of which 
the hydro* carbonate may be one. This, reacting 
upon the carbonic acid of the limestonci tends to 
convert it into an oxide of carbon ; and thus facili- 
tates its separation from the stone. During the de- 
composition, a species of struggle is going on be- 
tff een two molecular forces : the one, which tends 
to make the carbonic acid take the gaseous form ; the 
other, which retains it in combination. The latter 
force, like all those of the chemical affinities, in- 
creases as the operation proceeds. If, then, the tern* 
perature be not gradually augmented, the expansive 
power of the gas will be equilibriated by its affinity 
for the lime, and there would be no reason to deter* 
mine a solution of the equilibrium. The intensity of 
the heat must therefore be gradually augmented ; and, 
from these considerations, it becomes evident that the 
said intensity cannot be superseded by the length of 
exposure to its application. 

In practice, whenever the nature of the limestone 
is such as to render its being broken into small frag- 
ments too expensive an operation, the limebumers 
place the largest blocks in th^ centre, and in the po- 
sitions where they are exposed to the greatest heat. 
Generally speaking, the temperature to be produced 
in a kiln is also, from the size of the stones, much 
greater than is necessary for the molecular decompo- 
sition. It is, in fact, a question of economy, whether 
the saving of the fuel compensates for the expense of 
breaking the stones into very small pieces. 

c 2 
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In burning limestones which yield either poor or hy- 
draulic limes, a chemical action is produced by means 
of which the clay, silex, magnesia, oxide of iron, &c., 
enter into combination with the lime, and by so 
doing facilitate the disengagement of the carbonic 
acid gas. They add a new force to that of the heat, 
for as the lime has more affinity for them than for 
the carbonic acid, it seeks to quit its original state to 
enter into the new combination. The presence of 
these ingredients in the limestone, therefore, facili- 
tates the calcination. But the action of the alumina, 
of the magnesia, and of the oxide of iron, either toge- 
ther, or separately, seems to be confined within these 
limits. The addition of silica, even in very small 
doses, appears to determine a vitrification, which 
alters the nature of the lime very seriously. In all 
cases, therefore, where argillaceous limestones are 
used, it is necessary to exercise great care and atten- 
tion in the regulation of the mode of calcination. 

General Treussart, in his observations upon the 
burning of lime, says, ^' that all the limestones upon 
which he operated when of a blue colour became of 
an ochreous yellow if burnt in a slight degree. Upon 
augmenting the degree of heat, the colour passed 
successively to a deep yellow, to an ash-gray, and at 
last to a slate-coloured blue, when the heat was very, 
intense." The mode in which he accounts for this 
blue colour is, by supposing that the iron has been 
reconverted into the state of a protoxide Similar 
facts occur in brick burning, when the clay employed 
contains much oxide of iron, and is of a very dark 
colour. At a certain degree of the calcination, the 
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iron they contain passes to the state of a red oxide, 
as in the bricks employed in London nnder the name 
of " place** or even " stock bricks ;** if the heat be in- 
creased they become yellow, or straw colour, like the 
** pickings ** and the malm paviours ; then if the heat 
be farther increased they become ash-gray, or blue, 
like the glazed headers of commerce. The iron, in 
this case, must have lost its oxygen to a great 
extent. 

General Trenssart appears inclined to differ from 
Vicat upon the question as to whether the colour of 
a lime may be taken as an approximate indication of 
its quality. According to the former, the best hy- 
draulic limes, when properly burnt, are of a light 
straw colour. It is much to be desired that some such 
easy mode of distinguishing at once the degree of cal- 
cination were ascertained, for the qualities of the lime 
are very seriously affected by the heat it has been 
exposed to. 

The importance of ascertaining the proper point at 
which to stop the calcination becomes more evident, 
when we consider that some of the hydraulic limes, if 
over-burnt, lose all their useful properties, and are, 
to use the workman's phrase, killed : if under-burnt, 
they are often poor, without any hydraulic powers. 
The purer limestones, or those which yield rich 
limes, present other phenomena equally inexplicable 
in the present state of our knowledge of the science. 
For instance : if chalk be burnt in such a manner 
as to drive off all the carbonic acid gas it contains, 
it yields a lime whose hydrate never solidifies under 
water, as we have already seen. If the calcination 
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be stopped at a point below that necessaiy for the 
expulsion of the gas, the lime produced does not 
change in bulk by slacking, and it will be fouud to 
set under water almost as rapidly as the moderately 
hydraulic limes. If over-bumt, the same chalk4ime 
reassumes the power of hydraulicity, which it had 
lost at the point at which the gas was entirely 
disengaged. No series of observations has yet been 
made upon the action of limes in the different states 
of their calcination ; but General Treussart states 
that those which have been over-burnt swell in 
setting; and some observations I have myself made 
upon the Portland cement (to be noticed hereafter) 
rather tend to confirm that assertion. 

No absolute rule can be laid down as to the 
description of combustible to be employed. In our 
own country, the choice is practically limited to two 
sorts, coal or coke; and the only reason we can 
have to decide our preference must be based upon 
motives of economy. In some countries, Germany, 
Holland, the French Flanders, &c., peat is used 
very successfully when the kilns are constructed for 
the use of this combustible. In new countries, 
where wood abounds, it is largely used for lime- 
burning ; but the kilns are, in such cases, made with 
hearths upon which the wood is burnt separately 
from the limestone ; for the wood is not well adapted 
to what are called running kilns. The same ob- 
jection also applies to fresh coal ; it often cakes, and 
runs; thus not only impeding the calcination, but 
also giving rise to great impurities in the lime, tf 
any use of the produce of the distillation of the coal 
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can be made, there id tlien an evident advantage in 
the emplojrment of coke, for the gases which the 
latter gires off during combustion, arrive at once at 
their highest degree of temperature ; whilst, with 
those from the coal in its natural state, the com- 
bustion is continued far beyond the surfaces of 
contact, and the temperature only arrives at its 
maximum at the end of this combustion. The 
quantity of smoke that escapes from the mouth of a 
kiln where coal is burnt, may be taken as an indica- 
tion and a proof of the combustible wasted. But, 
as was said before, the determining motive in the 
choice of combustible, must be found in local con- 
siderations of economy. 

The limestone is sometimes burnt in large stacks 
in the open air, consisting of alternate layers of stone 
and of coal, similar, in fact, to the mode of burning 
bricks in clamps. The same care is required as 
with the latter, in well coating the sides with clay, to 
retain the heat as much as possible; and the heaps 
require the same attention to secure an equality of 
draught, so that the whole mass may be burnt alike. 
This method can, however, only be employed in the 
coal districts of any country, for the waste of com- 
bustible by radiation of the heat is enormous. 

The forms of kilns usually employed may be 
classed as follows : — 1. A rectangular straight prism. 
2. A cylinder. 8. A cylinder surmounted by a 
truncated cone. 4. A reversed straight-sided cone, 
or funnel. 5. A cone of different diameters, or a 
form produced by the revolution of an ellipsoid. 
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The rectangular prisms are used in some parts of 
the continent for the purpose of burning at the same 
time both lime and bricks or tiles. The limestone 
occupies the lower half; the upper part is filled with 
the bricks or the tiles placed on edge. 

The cylindrical kilns are principally used in 
situations where large quantities of lime are required 
within a short space of time. They are rarely con- 
structed for definitive use ; they are easily built, 
cheap, but not of long duration. An archway is first 
made to form the hearth ; a round tower is then con- 
structed upon this to form the kiln itself, which may- 
be either in limestone, brick, or any material of 
those natures ; the outside is rendered with clay so 
as to effectually stop all the holes, and this envelope 
is maintained by a rough kind of hurdle, taking care 
to leave an opening in front of the hearth. 

The kilns of the third form are constructed of 
more solid materials and in a more permanent man- 
ner. They serve only for the purpose of lime binn- 
ing, without admixture of bricks. The largest stones 
are placed in the bottom of the kiln; the smaller 
pieces are placed in the straight cylindrical part at 
the top. These kilns are superior to the others 
before mentioned, inasmuch as the heat is rever- 
berated from the sides, and cannot escape into the 
air without producing a useful effect. 

These three forms of kilns are used principally for 
intermittent fires, and in cases where wood, or rich 
flare coal, is burnt. The two last-named forms are 
more especially employed when coke or poor coal 
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is the combustible used. In the countries where 
peat is burnt, the kilns are constructed in the fifth 
form. 

The inside of the kilns is generally built of fire 
bricks, or of such materials as resist the action of the 
fire, set in fire clay for a thickness of from 14 to 18 
inches. The object to be attained by the choice of 
materials is to employ such as have the smallest con- 
ductive powers possible, and which, when once 
heated, retain that state the longest. 

When the kilns are worked by intermittent heat, 
either firom wood or coal, the limestone charge rests 
upon arches, constructed of the large pieces to be 
burnt, laid dry. A small fire is lighted below these 
arches, and quite at the back; this is gradually in- 
creased towards the mouth as the draught increases. 
The opening is then regulated to secure the proper 
degree of combustion, and new combustible is added 
to maintain it to that point. The air, which enters 
by the fire door, carries the flame to all the parts of 
the arch, and gradually brings the whole mass into a 
state of incandescence. Some stones are exposed 
to the inconvenience of cracking, and bursting with 
a loud explosion, by the application of heat. It is 
dangerous to use them in the construction of the 
arches ; care must therefore be taken only to use 
such as are exempt from this inconvenience. 

When the upper part of the kiln is of a smaller 
dimension than the lower, it often happens that the 
current of heated air, being impeded in its escape, 
returns, and drives the flame through the fire door. 
It is advisable^ therefore, {ox this aud for several 

c 3 
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other reaflonfl connected with the draught of the 
kilnsi to make the upper part in such a manner aa to 
allow of the openings being enlarged or contracted 
as the case may require. In some places the lime- 
burners, in filling the charge, introduce pieces of 
wood, placed vertically, in order to facilitate the cir- 
culation of the air and heat. These pieces are burnt 
at an early stage of the process, and they leavo 
spaces which act as chimneys. It admits, however, 
of question whether the circulation, being so much 
more active in these parts, does not produce an 
unequal calcination. 

The degree of heat to be obtained varies accord- 
ing to the density and the humidity of the limestone, 
from 15 to 80 degrees of Wedgewood*s pyrometre. 
The length of time necessary for the perfect cal- 
cination can only be ascertained by experience. It 
depends not only upon the nature of the stone, and 
the quality of the combustible, but also upon the 
draught of the kiln, the state of the atmosphere, and 
the direction of the wind. Before the operation is 
completed in the lower portion, a gradual subsidence 
of the mass takes place ; the stones which form the 
arches crack, the interstices diminish, and at length 
the charge sinks one-sixth or one-fifth of its height. A 
very simple and effectual way of ascertaining whether 
the calcination is complete, is to drive a bar into the 
body of the charge. If it meet with a considerable 
resistance, or strike against the firm hard materials, 
it is a proof that the burning is not finished. But if, 
on the contrary, it penetrate easily, and only meet 
with a resistance similar to that which it would meet 
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with in passing through a mass of gravel, the cal- 
cination may be regarded as complete. Another 
method of ascertaining this, consists in drawing a 
sample of the lime upon which a direct essay is 
made; but this is liable to error, according to the 
position the piece may have occupied in the kiln. 

Running kilns, in which the Stone and coal, or 
coke, are mixed in alternate layers, are the most 
difficult to manage with certainty, although when in 
favourable conditions they are the most economical. 
A mere change in the direction of the wind, a falling 
in of the inner parts of the kiln, an irregularity in 
the size of the pieces of limestone, are any of them 
causes sufficient to retard or accelerate the draught, 
by producing irregular movements in the descent of 
the materials, and thus give rise to either excessive 
or defective calcination. At times a kiln will act 
perfectly for several weeks, then all of a sudden it 
will get out of order without any apparent reason. 
A mere change in the nature of the combustible will 
often produce so great a difference in the action as 
to defy all the calculations of the limebumer. In 
fact, the running kilns are essentially matters of prac- 
tice, and as to their results little can be predicted with 
certainty. 

The most favourable conditions to insure a suc- 
cessful result from this mode of burning seem to be, 
that the thickness of the charge of limestone do not 
exceed from 1 ft. to 14 in. ; that the charge do not 
pass the top of the kiln ; and that the combustible 
be well and equally distributed throughout the mass. 
The man charged with the direction of the operation. 
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must carefully watch the upper part of the furnace, 
and open fresh currents of air in the places where 
the gases in combustion do not pass. These may be 
ascertained by observing whether the stones are 
blackened by the smoke escaping through the top, 
for that evidently can only take place in the direc- 
tion of the escape of the gases. Wherever, there- 
fore, the stones remain unblackened, the kilnsman 
must pass a bar through them to open a new 
chimney. 

The lime, whose calcination is complete, must be 
withdrawn with precaution, because a precipitate fall 
of the upper mass might derange the coal between 
the joints, and thus some of the layers might hare 
an excess of coal, whilst others would be entirely 
without any. The upper parts of the charge must 
be well arranged after each withdrawal from the 
lower, the large unbumt pieces being thrown towards 
the centre, and proper currents of air formed through 
them. Generally speaking, the lime is extracted 
every morning and evening ; on Sundays and holi- 
days precautions must be taken to render the action 
of the fire less rapid. It is usual to light the fire in 
these kilns as soon as the third course of limestone 
and combustible is filled in, in order to avoid the 
serious inconvenience of being obliged to empty the 
kiln should the mass not get well into combustion. 

Limes burnt in kilns adapted to periodical calcina- 
tion have an advantage over those obtained from 
running kilns, insomuch as they preserve better in the 
open air. This appears to arise from the fact of their 
cooling more gradually ; indeed, it is preferable with 
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the former kind^ to shut the fire door, and only to 
allow the heat to escape from the top of the kiln ; 
this generally takes from six to eight hours after the 
complete extinction of the fire. 

The combustion is carried on in the three first 
description of kilns on an average for three days and 
three nights ; but of course the duration must vary 
according to the circumstances of each particular 
case. They usually require about 60 cubic feet of 
oak timber; 117 of fir; about the same quantity of 
peat of the best quality ; 9 cubic feet of coal ; to 
produce about 35 cubic feet of lime. The running 
kilns do not consume on the average more than 7 
cubic feet of coal for the same quantity. 

The calcination of limes is, however, a subject 
still very little understood, and it is impossible, there- 
fore, to enunciate any principles of universal appli- 
cability. There are so many disturbing causes in 
operation ; the difficulty of observation in all cases 
where large masses are in a state of simultaneous 
incandescence is so great ; that it will be long before 
we shall be able to ascertain the chemical and elec- 
trical phenomena which take place during these 
operations, with sufficient certainty to enable us to 
derive any practical benefit from them. At present 
our best guide is experience, and a kilnsman who 
has watched the action of his own kiln for years, 
knows more upon the subject than the first theore- 
tician in the world. There is one opinion, however; 
received among workmen which it may be advisable 
to contradict at once ; namely, that if a calcination 
be interrupted, it can never be resumed. Messrs. 
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Petot and Hassenfraz have both practically demon- 
strated that such is not the case. But Vicat and 
Minard appear to be of opinion that the limes thus 
obtained by a re-calcination, as well as the rich limes 
when under-burnt, exist in a state which possesses 
very peculiar properties, the laws of which are en- 
tirely unknown to us in the present state of the 
science. 

Attempts have been made to employ the waste 
heat which escapes from the top of the kilns, for the 
purpose of burning bricks or tiles, in a somewhat 
similar manner to that employed in the first descrip- 
tion of kiln. The results are very doubtful ; for if 
the bricks rest immediately upon the limestone they 
are liable to be distorted when this falls by the 
process of calcination. It is, moreover, an error 
to suppose that these articles require a less degree 
of heat than the lime itself. The only economical 
application, therefore, seems to be by drying the 
bricks, &c., gradually, before exposing them to a se- 
parate and distinct calcination. 

In some countries the ashes which fall through the 
grates of the kilns are carefully collected and used 
as a water or hydraulic cement. They are found to 
be mixed with minute portions of lime which have 
fallen through the arches, and it is doubtlessly to 
their presence that we may attribute their useful ac- 
tion. Such cinders are usually sold at half the price 
of the lime. At Utrecht in Holland oyster shells are 
burnt in large quantities for the purpose of obtain- 
ing lime ; but as the carbonate of lime they contain 
exists in a great state of purity, the lime is too rich 
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to be employed without the adxnixture of trafts or 
puoisisolano. 

Iiitnestone generally loites by calcination 0*45 of 
itn weight from the evaporation of the water and the 
disengagement of the carbonic acid gas. Its dimina- 
tion in bulk is far from being as remarkable ; and 
moreorer, it varies with the nature of the stone, and 
the degree of subdivision in which it exists before 
and after calcination. It may be estimated as vary^- 
ing between 0*1 and 0*2 of the original bulk. The 
difference in weight between the carbonate and the 
lime obtained from it, is also very uncertain ; but it 
may be taken at about from 15 to 17 per cent, of the 
weight of the stone. 

The general rules upon which limekilns should be 
constructed are as follows : — Firstly, the lining of the 
inside should be of fire bricks, because these materials 
resist the action of the fire better than any others; 
they preserve their form at a great heat, and conduct 
the heat with greater difficulty. Secondly, the total 
height of the interior opening must be such that the 
degree of heat existing at the top be that absolutely 
required to calcine the stone placed there, in the 
cases where the calcination is periodical. This is 
found, generally speaking, to be attained when the 
height is to the largest diameter in the proportion of 
2 to 1. Thirdly, when the calcination takes place 
in running kilns, this proportion may be beneficially 
increased until it arrives even at 5 to 1 ; the usual 
proportions vary between 3 and 4 to 1. Fourthly, 
in kilns in which the calcination is intermittent, the 
upper opening should be about one-third of the 
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greatest diameter; the opening for the fire about 
one-fourth both in height and width. In those called 
running kilns, the upper orifice should be five times 
the diameter of the lower one when these kilns are 
in the form of reversed cones ; the dimension of the 
lower orifice is usually about I ft. 8 in. Fifthly, 
the thickness of the external walls is not inva- 
riable, the only rule to be observed is to make them 
as thick as possible, in order to retain the greatest 
quantity of heat. No mistaken motives of economy 
should be allowed to interfere in this case, for the 
saving obtained in the cost of the masonry would be 
very soon absorbed by the waste of fuel. As was said 
before, the lining should be made from 14 to 18 
inches in thickness. 



CHAPTER V. 

ON THE ARTIFICIAL HYDRAULIC LIMES. 

Although the limestones which furnish hydraulic 
limes naturally are very plentifully distributed, cir- 
cumstances may occur to render their employment 
too expensive. In such cases their want is supplied, 
at least upon the continent, by the use either of trass, 
or of puozzolano (either natural or artificial), which are 
mixed with the rich limes, or by the use of artificial 
hydraulic limes. Vicat, the inventor of the system 
of making the latter employed near Paris, naturally 
recommends their use. General Treussart, with the 
jealousy which so strangely marks the two divisions 
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of the engineering profession in France, the military 
and the civil, apparently for no other reason than be- 
cause Vicat had so recommended the artificial hy- 
draulics, gives the preference to the mixture of the 
trass, &c., with the rich limes. Experience has set- 
tled this question, however, in favour of Vicat's 
opinion; and unless the trass and puozzolanos are 
found in the most extraordinarily favourable condi- 
tions of economy, they are never used by engineers 
who have at all studied this branch of their profes- 
sion. 

Indeed, it must be evident that the chemical action 
produced upon the lime by the puozzolanos, can never 
be so perfect in its results as that which is called into 
activity during the process of calcination. Even if 
we leave out of account the effect of the heat in pro- 
ducing a more perfect chemical combination between 
the bases, there is always a danger attending the use 
of the subsequent mechanical mixtures • Either firom 
carelessness, want of skill, or even in spite of the 
best intentions, it often happens that the mixture is 
not perfect ; the limes and puozzolanos are so min- 
gled that there is excess of lime in one place, of 
puozzolano in another. Very serious failures have 
occurred through their being employed in sea works, 
as we shall have occasion to notice hereafter. In 
the meantime, the experience of the best continental 
engineers has led them to prefer the use of the arti- 
ficial hydraulic limes wherever natural ones are not 
to be met with. 

There are two methods of preparing the artificial 
hydraulic limes. The first, which is the more per- 
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feet, but at the same time the more eitpdnsive, con* 
sists in mixing the slacked rich lime with a certain 
proportion of clay, and burning this compound. 
The lime in this case goes through a double cal- 
cination. 

The second method consists in mixing, instead of 
the slacked lime, soft calcareous matters with the 
clays, such as chalk, or the tuSas of some of the other 
formations, and in reducing the whole to a paste by 
grinding them together in a mill. Being in both 
cases masters of the proportions of the different in** 
gredients, it is easy to communicate the hydraulic 
properties in any degree of energy the works they 
are intended for may require. 

Generally speaking twenty parts of dry clay are 
mixed with eighty parts of very pure rich lime, or 
with one hundred and forty parts of carbonate of 
lime ; but if the lime or the carbonate contain al- 
ready any clay in their composition, a smaller pro- 
portion would be necessary. It is impossible to say 
beforehand what the precise proportions should be, 
because the limestones and the clays of every locality 
differ in their nature. Of the latter, the finest and 
softest to the touch are the most preferable. 

At M eudon, near Paris, some extensive lime works 
were erected under the directions of Vicat, by MM. 
Brian and St. Leger, for the manufacture of artificial 
hydraulics from the chalk and clays of that country. 
The chalk was divided into pieces of the size of a 
fist previously to being ground. A large vertical 
mill, with two horses, crushed and mixed together, 
with a plentiful supply of water, the materials which 
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were introduced in the pfopottion of four of the chalk 
to one of the clay. The liquid mixture was tun off 
into a series of five troughs placed at successive dif- 
ferences of levels and deposited in them the matter 
it held in suspension. A double set of these troughs 
was necessary^ in order that one might be worked whilst 
the liquid was deposing in the other. The shallower 
the troughs are in proportion to their surface, the 
more rapidly does the deposition take place. 

As soon as the deposed matter becoines of suffix 
cient consistence to support manipulation, it is made 
into small prisms with a mould. The prisms are then 
placed on a drying platform, and allowed to dry until 
they arrive at the state of freshly quarried limestone. 
They are then put into a kiln, and burnt by any of 
the modes we have already mentioned. 

In England a somewhat similar process is followed 
in the manufacture of the Portland Cement, as It is 
very absurdly called. This is, in fact, nothing but 
an artificial hydraulic lime composed of the clay of 
the valley of the Medway mixed in certain definite 
proportions with the chalk of the same geological dis- 
trict. These materials are very finely comminuted 
under mills, and with water ; they are allowed to de- 
posit, and are then desiccated and burnt. But here 
begins the difference, and the most delicate part of the 
manufacture. Instead of merely driving off the car- 
bonic acid gas, the calcination is pushed to a point 
which produces vitrification in a very considerable por- 
tion of the contents of the kiln. The lime is, in fact, 
overbumt ; and it often happens that it is irregularly 
so. Great care is therefore required in grinding the 
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different products of the calcination, to secure a pro^ 
per equality in their times of setting : for it is to be 
observed, that all the over-burnt limes, like the natural 
cements, slack with so much difficulty when in large 
masses, as to require to be broken up, or comminuted, 
before being used. There is also attached to the Port- 
laud cement the danger before alluded to of expanding 
in setting. It should, therefore, never be used, unless 
in positions where this action cannot be prejudicial to 
the solidity of the work. When carefully prepared, it 
is invaluable for external plastering, because it does 
not allow of the formation of vegetation like the natu- 
ral cements ; but it should be very carefully used for 
masonry in large masses. 

General Treussart's experiments upon artificial 
hydraulic limes would lead to the belief that their 
quality would be much improved if they were pre- 
pared with water in which the soda and potash of 
commerce were mixed. The proportions he recom- 
mends are five measures in volume of chalk to one of 
clay, for the paste to be burnt : the lime to be sub- 
sequently slacked with water in which the above in- 
gredients had been dissolved in the proportions ne- 
cessary to bring the solution to the degree of 5*^ of 
the acid gauge. 

It has been ascertained that the artificial hydraulic 
limes do not attain, even under favourable circum- 
stances, the same degree of hardness, the same power 
of resistance to compression, as the natural limes of 
the same class. Of the latter, those which are ob- 
tained from the closest grained, and densest lime- 
stones, are the most resisting. They should^ there- 
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fore, be used in preference, unless very serious rea- 
sons of economy oppose themselves. The aboTe ob- 
jection to the want of hardness does not, however, 
appear to apply to the over-burnt limes^ for the Port- 
land cement attains a power of resistance to crushing 
which is extremely remarkable. 



CHAPTER VI. 

ON THE SLACKING OF LIMES. 

There are three methods of slacking lime, about the 
relative merits of which chemists are even now at 
issue. The object to be obtained is to reduce the 
quick lime into a pasty hydrate, as unctuous as pos- 
sible, and one which has absorbed the greatest pos- 
sible quantity of water without having too much, and 
thereby losing a proper consistence. As we have al- 
ready seen thai every separate variety of limestone 
produces a lime of a different chemical composition, 
it is impossible to say, before making experiments 
upon each of them, the mode of slacking which would 
be the most advantageous. The three methods are 
either by immersion, or maceration; or, by sprin- 
kling with small quantities of water ; or, by allowing 
the lime to slack spontaneously by absorbing the 
moisture of the atmosphere. The circumstances 
which render it advisable to employ either, the one 
or the other of these methods, may be stated as fol- 
lows. 

All the rich limes, as we have already seen, are 
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capable of being slacked by immersion ; they keep 
in a plastic state under water, and they even gain by 
being allowed to remain tjierein) for all the core be- 
comes thus slacked. Plinius states that the Romans 
were so convinced of the truth of this, that the an- 
cient laws forbade the use of lime unless it had been 
slacked for three years ; and that it was owing to this 
regulation that their works were not disfigured by 
cracks or crevices. Alberti mentions, in the 11th 
chapter of the second book, that he discovered once 
in an old trough, some lime which had been left there 
500 years, as he was led to believe, by many indica- 
tions around it ; and that this lime was as soft and as 
fit to be used as at first. 

But when the limes are hydraulic in their action, 
when they absorb quickly the carbonic acid gas if re- 
duced to the state of hydrates, it is important not to 
slack them before they are absolutely required ; as 
also it is important not to mix them ^th too much 
water, for this always interferes more or less with the 
crystallization in setting. Vicat recommends that 
the slow slacking limes, such in fact as are all the 
hydraulic ones, should be reduced to a powder be- 
fore they are worked up into a paste for the making 
of mortar: that an imperfect skoking be commenced, 
in fact, before the lime is to be used. General Treus- 
sart) and all practical men, however, agree in con* 
sidering this course not only as doubtful, but even as 
positively injurious. There are, it is true, in all limes, 
particles which slack with more difficulty than the 
rest ; and if these particles be introduced into the 
mortar, as they expand in slacking, they ai*e likely 
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to disintegrate the rest of the work into which they 
enter. It is possible that this inconvenience is ob- 
viated by the imperfect sla<^ing Yicat recommends ; 
but it is also evident that the absorption of carbonic 
acid gas must also be goiug on, and that the lime is 
losing some of the concretionary force it should em- 
ploy in place. Treussart asserts, and with justice, 
that all limes of an hydraulic character require to 
be used fresh from the kiln ; that the workman's 
notion that the lime is killed by time is substantially 
true; and that the only precaution to be taken to 
ensure a perfect slacking should be to grind the fresh 
lime immediately before using it* Vicat, it is true, 
insists much upon the lime being slacked and imme- 
diately put into close casks ; but that is only a mode 
of palliating the inconvenience. It is singular that 
Smeaton followed precisely the system Vicat recom- 
mends in transporting across the country the lime 
used for the Eddystone lighthouse. Hassenfraz, and 
many other writers upon the subject, appear to 
agree with Vicat ; but experience is certainly against 
the conclusions to which they arrive. 

The hydraulic limes, then, require to be slacked by 
one or the other of the modes described, as either by 
sprinkling them with small quantities of water, or by 
spontaneous absorption. Wherever it can be done 
economically^ the former mode should be employed, 
the lime being previously ground. Should the posi- 
tion or the extent of the work to be executed not 
justify the expense of a mill for grinding the lime, 
the second may be employed. 

The rich limes augment in slacking about two-fifths 
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in weight, and even as much as 3*52 of their original 
volume, or even more ; they absorb about one-third of 
their volume of water before passing to powder, and one- 
half before the powder becomes moist. The powder 
has already a very considerable augmentation upon 
the bulk of the lime itself, sometimes to the extent of 
double its original volume. To pass into a paste fit 
for mortar, the powder will again absorb about 1^ 
time its own bulk of water ; and it is then about S^ 
to 4 times the bulk of the lime. The hydraulic limes 
absorb considerably less water, and only increase in 
bulk from 1| to 2^ at most. 

There are still some unexplained phenomena in 
the action of the hydrates, which are worthy of attract- 
ing, the attention of the scientific world. For in- 
stance : even though the lime be reduced to the state 
of a paste, it nevertheless retains its power of absorb- 
ing water during a long interval of time. And we 
have already seen that although it has so great an 
affinity for the water, yet it parts with it very easily 
upon the application of heat or friction. It is this 
latter faculty that the workmen bring into action 
when, as they say, they chafe up again a lime which 
has been made for some time. With the hydraulic 
limes this system is bad, and it should never be al- 
lowed, for the solidification once interrupted, it is 
often put a stop to for ever. The same inconveni- 
ence does not appear to be attached to the re-work- 
ing of the rich limes. 

With the very moderately hydraulic limes used in 
London, no great precautions are necessary in slack- 
ing the lime, nor does the operation require much 
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time. The usual mode of throwing water over the lime, 
and then covering the latter with sand to retain the 
vapour given off, answers sufficiently well for build- 
ings in the air, and in which the common Dorking 
or Hailing limes are used. If the blue lias lime be 
used, however, it is necessary to begin the slacking 
about 24 hours before it is made into mortar, in order 
that the more inactive parts may be called into 
action. 

When the lime is reduced to the state of a hydrate, 
it is to be converted into mortar, for the purposes of 
masonry, by the additions of sand. The carbonic 
acid gas of the atmosphere is absorbed by the 
hydrates, and they resume the crystalline form of 
the carbonate of lime, by arranging themselves 
around the bodies with which they are in contact. 
This process goes on from the outside towards the 
centre, and with a rapidity varying with the nature 
not only of the lime itself, but also with that of the 
sand ; for the chemical nature of the latter has nearly 
as much influence upon the progress of the crystalli- 
zation as its mechanical structure. It is not found 
that the carbonization of the lime ever attains the 
same degree as that which exists in the limestone ; 
and we may, therefore, assert that almost all mortars 
are in a constantly increasing state of induration, if 
that operation has ever commenced. This same fact 
also renders the recalcination of lime more easy than 
the original operation ; the carbonic acid gas has not 
entered into such intimate union, in the second case, 
as when the mixture had taken place naturally. The 
thickness of the comparatively perfectly carbonated 
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film, upon the hydraulic lines is, at the end of the 
first year, about ith of an inch ; about ^th upon the 
rich limes. The further annual progress goes on in 
a decreasing ratio ; for it is evident that the increasing 
thickness of the film must oppose an increasing re- 
sistance to the transmission of the gas necessary to 
produce the desired effect. 

Some curious facts might be mentioned, not only 
to show the influence of a large body of masonry in 
retarding the solidification of the mortar in the 
interior, but also of the danger of using the rich 
limes in cases where such masses are necessary. 
Amongst them, we may mention a fact cited by 
General Treussart, who had occasion to demolish, in 
the year 1822, one of the bastions erected by Yanbau, 
in the citadel of Strasbourg, in the year 1666. In 
the interior the lime, after these 156 years, was found 
to be as soft as though it were the first day on which 
it had been made. Dr. John mentions that, in 
demolishing a pillar, nine feet in diameter, in the 
church of St. Peter, at Berlin, which bad been 
erected 80 years, the mortar was found to be per- 
fectly soft in the interior. In both cases, the lime 
used had been prepared from pure limestone. 

Pure water absorbs or takes up all the non-car- 
bonated parts of the hydrates of lime. For all 
purposes, therefore, in which it is required to build 
in water, or to expose the constructions to the action 
of that fluid, it is necessary to employ such limes 
only as absorb the carbonic acid gas instantaneously. 
Many instances occur in which works executed with 
the rich lime have failed, from the fact of all the 
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mortar having been carried away: amongst others, 
the locks constructed for the improvement of the 
navigation of La Yilaine, which fell in from the 
cause mentioned. 



CHAPTER VII. 



ON THE SANDS AND OTHER INGREDIENTS USED IN 
CONJUNCTION WITH LIME TO MAKE MORTAR. 

These ingredients are of several natures, and they 
exercise very different and very important effects 
upon the qualities of the respective combinations 
into which they enter. They are, 1, the sands, 
properly so called, whether fluvial or pit sand ; 2, the 
clays, either in their natural or their burnt state ; 3, 
the puozzolanos, trass, or other volcanic productions; 
and, 4, the produce of artificial calcination, such as 
cinders, slag of furnaces, or scoriae. 

I. Sands are derived originally from the decompo- 
sition of the older rocks, either by the action of 
running water, or by the spontaneous decomposition 
of the rocks themselves. They are technically dis- 
tinguished from dust, by the fact that they sink at 
once to the bottom of water, without leaving any 
sensible quantity in suspension. The decomposition 
of the rocks often gives rise to a kind of agglutinating 
substance, which accompanies the sand, and binds 
it together. But this only takes place in the posi- 
tions where the sand is found ^^in situ;" washed by 
the rains and the running waters, it soon parts 
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with these heterogenous particles, and it arrives 
comparatively pure in the bed of the river. This 
purity is lost as the river approaches its embouchure ; 
for, in the first place, the diminished velocity of the 
cuiTent causes the heavier particles to subside 
before arriving there; the waters then only carry 
down the light earthy particles, and the decaying 
vegetable matters which may fall into them, thus 
giving rise to the formation of clay deposits. The 
constituent parts of the sand represent faithfully the 
rocks from whence they are derived; thus the gra- 
nitic rocks produce a sand, the principal ingredients 
of which are the quartz, the feldspar, and mica ; the 
volcanic rocks are represented by sands in which 
lava, obsidian, &c., appear; the flat, soft-grained 
sands arise from the disintegration of the schistose 
rocks ; the calcareous rocks, as might naturally be 
expected from their soft nature, are those which are 
the least represented in the series, unless in the 
case of the silicious sands, arising from the commi- 
nution of the flints so plentiful in some of the 
secondary foimations. 

The partial and secondary revolutions of the globe 
have given rise to immense formations of sand in 
places where rivers have long ceased to flow. The 
sand extracted thencefrom is known under the name 
of " pit sand," to distinguish it from that borne down 
by the rivers, called " river sand," and from the 
" virgin sand," which remains in the places where 
formed, without in any way suffering the action of 
water. Pit sand generally is of a sharper and more 
angular grain than river sand ; but in all other re- 
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spects its composition is identical, excepting that it 
is occasionally stained by ochres. 

The generally received opinion that the sand 
should be perfectly free from all earthy matters, is 
only true to a certain extent. There exists a species 
of sand in very large masses in some parts of France, 
where it forms even entire hills, consisting of com- 
minuted chalk in irregular grains, very unequal in 
size, and mingled with a clay sometimes yellow, red, 
brown, or even white, in proportions varying from a 
quarter to three quarters of the total volume. It is 
known under the name of " ardnes," and is largely 
used in conjunction with rich limes for river and 
water works. Some of the decomposed grauwacke 
rocks also yield an argillaceous sand, composed of 
quartz, schiste, feldspar, and particles of mica agglu- 
tinated by a species of clay, which is very valuable, 
whether used in its natural state, or calcined to make 
artificial puozzolanos, like the arenes. 

2. The clays are rarely used in their natural 
state in combination with lime, unless it be to give a 
certain degree of consistence to mud walls or pise 
work. When burnt, they act somewhat in the man- 
ner of puozzolanos ; and for all cases in which the 
mortars thus made are not exposed to the action of 
sea water, they appear to answer very well. The 
Romans were perfectly aware of the practical value 
of this process, for many of their works which have 
survived to the present day, especially the aqueducts; 
were executed with a mortar containing pounded 
bricks or tiles. 

M. Raffineau de Lille made a very important 
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essay of the artificial cements obtained from poanded 
bricks in some works he executed, in fresh water, 
near Calais. There it answered as well as the an- 
cient Romans had found it to have done. He called 
the attention of Vicat to the question, and that emi* 
nent chemist, after a laborious series of experiments, 
arrived at the conviction that the action of the burnt 
clay was in every respect analogous to that of the 
puozzolanos. Berthier had previously shown that 
the latter materials consisted principally of the 
silicate of alumina mixed with a very small propor- 
tion of lime and iron ; and as Vicat found the clays to 
differ in their composition only in the fact of their 
being hydro-silicates of alumina with nearly the 
same foreign ingredients, he thought that all that was 
necessary would be to drive off the water of combi- 
nation to render the clays as useful for hydraulic 
purposes as the puozzolanos. His experiments led 
him also to believe that a low degree of heat pro- 
duced the best results, provided that it were managed 
in such a way as to allow the free access of the air 
to all parts of the matter in incandescence. 

General Treussart applied similar artificial puoz- 
zolanos on a large scale at Strasbourg. Other essays 
were made at Algiers, the Fort Boyard in the He de 
R6, at Brest, and at Cherbourg. At Strasbourg no 
accident has occurred ; but in all the cases where 
the cements thus prepared were exposed to the sea* 
water, they appeared to set very satisfactorily at first 
— the favourable appearances lasted even for three 
or four years — but at the expiration of that time all 
these cements fell to powder. 
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Some very important lessons are to be derived 
from these failures. Firstly, they demonstrated clearly 
that the greatest possible care must be taken to en- 
sure a perfect mixture of the ingredients of these 
cements, for the molecules of the silicate of alumina 
cannot enter into combination with the lime unless 
they be mixed with them in a state of very minute 
division. A priori, then, we may assert that it is 
preferable to mix the clay with the carbonate, or the 
subcarbonate, before calcination. Secondly, it would 
appear that there must be a specific difference 
between the puozzolanos produced by the slow action 
of volcanic heat upon the various ingredients, and 
that produced by an artificial calcination, even 
should there not be a difference in the chemical 
constitution of the respective substances. 

Yicat studied the causes of these failures, and was 
led by them to some conclusions which may proba* 
bly explain, not only the disintegration of the limes, 
but also the destruction of some of the building- 
stones, by sea-water. He found in the sea-water a 
very considerable portion of hydrochloride of mag- 
nesia, and he proceeded to experiment upon its 
action upon the hydrates and imperfect carbonates 
of lime. He found that in a simple solution of 
the hydrochloride, the particles which were al- 
ready in a state of perfect carbonization remained 
intact ; but, that the particles which were simply in 
the state of hydrates passed into that of a soluble 
hydrochloride, and that the magnesia was introduced 
into the mass and disseminated throughout the whole 
tissue. It there quickly passed to the state of a 
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carbonate, with the greater facility when any carbonic 
acid gas was present. From this Vicat was led to 
think that the imperfectly carbonated parts of the 
cements, whose failure led to the investigation, must 
have taken up the magnesia from the sea- water, and 
passed to hydro-carbonates of lime and magne- 
sia, similar to the dolomites, whose formation may 
perhaps be accounted for in like manner. This 
would of course be accompanied by a mode of crys- 
tallization different from that of the ordinary car- 
bonate of lime, leading, doubtlessly, to the disinte- 
gration of the whole mass. 

The engineer charged with the direction of the 
works at Rochefort told me that, besides taking up 
the magnesia, and passing to the state of a carbonate 
of lime and magnesia, the mortars at Fort Boyard 
contained crystals of sulphate of lime. Now, as the 
sea-water does contain a considerable portion of the 
sulphate of magnesia, it is very probable that the 
lime may have absorbed the sulphuric acid thus pre- 
sented, and given rise to the new combination, which 
in its turn must have contributed to destroy the co- 
hesion of the whole body, for the tendency of the 
sulphate of lime in crystallizing is known to be 
expansive. 

The practical lesson to be drawn from these re- 
searches would be, never to employ the artificial 
puozzolanos, in the present state of our knowledge 
of this branch of chemistry, for any works of import- 
ance where water charged with salts is likely to 
affect them. It also shows how much care should 
be taken before employing new compounds in works 
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of importance; for we see that in these cases no 
symptom of decay manifested itself during the first 
three or four years. Such want of precaution is the 
more culpable in England, where we possess natural 
cements of such undoubted excellence, and where 
it would be so easy to procure the best hydraulic 
limes. 

3. The puozzolano is a volcanic substance of a 
pulverulent character, and a violet red colour, which 
was first employed in the fabrication of mortars by 
the Romans. It was then, according to Vitruvius, 
found in the vicinity of Puozzoli, near Baia, and not 
far from Vesuvius. Subsequently a similar material 
has been found in the Vivarais, a theatre of extinct 
volcanic action in the centre of France ; near Edin- 
burgh ; at a village called Brohl, near Andemach on 
the Rhine, where it is worked under the name of 
trass or terrass; and in almost all the localities 
marked either by the present or past action of sub- 
terranean fires. Its aspect varies, however, very 
much ; sometimes it is in a state of powder, at others 
in coarse grains ; often in the form of pumice, scoria, 
or of tufia or small rubble-stone. Its colour is often 
brown, or yellow, or grey, or black, even in the same 
locality. 

The Tripoli, and the sandstones and limestones 
altered by contact with the rocks of eruption, also 
frequently take the character of puozzolanos, and 
may be classed, therefore, as pseudo-volcanic pro- 
ducts of a similar category. But the conditions 
under which they were exposed to the heat of the 
volcanic rocks^ and under which they gradually 
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cooled, have necessarily modified their chemical and 
mechanical nature. 

The paozzolanos are principally composed of si- 
lica and alumina, with a little lime in combination, 
mixed with potash, soda, magnesia, and oxide of 
iron. The iron appears to be in a peculiar state of 
magnetism ; for although in very feeble proportions, 
it is capable of affecting the needle. 

Berthier gives the following analysis of the puoz- 
zolano of Civita Yecchia and of the trass of Ander- 
nach :— 
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Essays have also been made with the basaltic and 
trass rocks in the same manner as with the puozzo- 
lanos, and the result has been found to be the same. 
The difficulty of breaking or pounding them, how- 
ever, is a very serious objection to their economical 
employment. Indeed the manner of action of these 
various volcanic productions is still so much involved 
in obscurity that it is a matter of great doubt whe- 
ther the lavas are highly to be recommended. If 
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the action be merely chemical, of course, when well 
ground, they are likely to produce the same effect as 
their congeners ; although all this class of substances 
vary within very wide limits in their chemical com- 
position. If it be merely mechanical, and arise only 
from their porosity and the facility with which they 
absorb and combine with the water, their density is 
a very serious objection. Vicat is of opinion that 
basalt should be burnt so as to produce a vitrification 
before it is employed. 

Whatever be the cause of the peculiar action of 
the basaltic rocks, it is evident that the effect pro- 
duced by the mixture of the puozzolanos and trass 
is eminently useful in rendering the richest limes fit 
for every description of works executed in either sea 
or fresh water. Smeaton used them in theEddystone 
Lighthouse with the blue lias lime. Since then, and 
previously, even as far back as the time of Vitruvius, 
they had and have been employed in conjunction 
with limes obtained from chalk and crystalline lime- 
stone with perfect success. The essential difference 
in these cases is, that less is required when hydraulic 
limes are used, than when they are mixed with the 
rich limes. The latter will bear at the same time 
a large quantity of sand or gravel, the former only a 
very small quantity. The results, if the proportions 
be well regulated, are the same ; the determination 
of the sort of lime must, therefore, be entirely guided 
by motives of economy. 

4. The term " slag" is usually applied to the vitri- 
fied earths which are left in furnaces, either for glass 
or iron, after the purer products are withdrawn. 
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" ScorisB '' are the lighter, more porous, and less 
perfectly vitrified earths, which arise principally from 
the puddling and refining of iron ; the term is also 
applied to the less compact portions of the slag. 
Cinders are the earthy residues from the combustion 
of woods, peat, coal, or other combustibles. 

The slags and scorisD differ very considerably in 
their chemical nature, part.y from the constitution of 
the minerals from which they are obtained, partly 
from the different action of the furnaces from whence 
they are produced. They principally consist of si- 
lica, with a feeble proportion of alumina, lime, mag- 
nesia, and very large proportions of the oxides of 
iron and manganese. Hassenfraz and Berthier give 
the following analysis of these materials, namely — 
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On comparing these results with those obtained 
from the analysis of the puozzolano and trass, we 
perceive at once a very remarkable difference in the 
proportion of the ingredients, as also we find that 
the scoriae and the slag differ from one another. 
The slag, when the furnaces are well managed, con- 
tains but little iron; the scoriae contain so much 
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that they are at the present day almost invariably 
worked over again in the most economically managed 
iron works, — ^producing, it is true, very inferior iron. 

When ground into powder, the scorisB and slags, 
which contain a large propoition of the mineral 
oxides, make very good mortars if mixed with mid- 
dlingly or perfectly hydraulic limes. With the 
former it is not advisable to use them in positions 
where the mortars would be exposed to the action of 
water ; with the latter they may be used to replace 
sand, sometimes with advantage. 

Coal cinders, according to Weigleb, Dolomieu, 
and Panzerberg, contain usually 44 parts of silica, 
17 of alumina, 5 of lime, and 34 of oxide of iron. 
When properly mixed, they appear to render the 
rich limes moderately hydraulic. Great care re- 
quires to be exercised in their manipulation to pro- 
portion the quantity of water used, for they absorb it 
with such avidity that unless there be a large quan- 
tity present, they abstract it from the hydrate of 
lime, and render the crystallization of the latter 
imperfect. Workmen characterise this action by 
saying that the lime becomes short ; in fact, its co- 
herent powers are much diminished. If, however, 
the necessaiy precautions be taken, coal cinders 
may be usefully employed for works out of the 
water. 

Wood cinders are often objectionable in con- 
sequence of the alkali they contain : if this bo re- 
moved by washing, they may occasionally be useful 
in the absence of other materials capable of com- 
municating hydraulic properties. Peat ashes have 
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never been tried in any scientific manner ; but there 
does not appear to bo any reason why they shoidd 
not be as useful as those from wood. 

In page 38 we already noticed the use of the 
clinkers which fall through the fire-bars of the lime- 
kilns. Their hydraulic properties appear to arise 
fi'om the mixture of the lime in a very minute state 
with the silicate of alumina of the cinders. In Bel** 
giiun they are very largely and very successfully 
used for canal and river works under the name of 
"cendree de Toumay." 

Yicat classes the difierent materials named and de- 
scribed above still further, according to the energy of 
their action upon the limes with which they are mixed. 
He calls " very energetic" any substance which, after 
being mingled with lime slacked in the usual man- 
ner, and brought to the consistence of a stiff paste, 
produces a mortar capable of setting from the first 
to the third day; of acquiring after the lapse of 
twelve months a degree of hardness equal to that of 
a good brick, and of giving a dry powder if sawn with 
a tooth saw after that time. 

" Simply energetic," any substance which will de- 
termine the setting from the fourth to the eighth 
day ; and which is capable of acquiring after twelve 
months the consistence of a soft stone, and of giv- 
ing a damp powder under the tooth saw. 

" Slightly energetic," when the setting only takes 
place between the tenth and the twentieth day ; the 
consistency of hard soap would be acquired after 
twelve months, and of clogging the tooth saw. 

^^ Inert," when the materials, if mixed with rich 
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limes, exert no influence upon their action under 
water. In all these cases the mortars are to be 
immersed immediately. It is moreover to be ob- 
served that the degree of hardness attained is the 
only invariable characteristic, for the time of setting 
varies very considerably. 

Having established these difierences, Yicat ranges 
the common sands amongst the materials he clas- 
sifies as ^4nert." The ar^nes and grauwack6 rocks 
yield materials which are but slightly energetic. 
The puozzolanos, whether natural or artificial, are 
classed occasionally as being simply energetic or 
very energetic, as the case may be. Experience, 
however, shows that the artificial puozzolanos 
should only be ranged in the first class. 

These difierent actions appear to be owing to the 
affinity of the several materials for the lime. Vicat 
found, in fact, that, if treated by acids and by lime 
water, they were distinguished from one another as 
follows: — the inert materials resisted the action of 
acids, unless when calcareous sand was operated 
upon, and were totally without influence, even upon 
boiling lime water. The slightly energetic materials 
yielded in a trifling degree to the acids, and took up 
a small proportion of the lime from the lime water. 
The energetic, and very energetic, materials were 
powerfully afiected by the acids, and took up a very 
notable portion of the lime in solution. 

The same author gives, as the result of forty 
years* experience, the following tables of the mate- 
rials it is advisable to mix together to obtain the 
best results in the respective cases mentioned. He 
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supposes that the architect or engineer has under 
hand the four descriptions of lime, and the different 
substances to be mixed with them ; and that in the 
first case he desires to obtain a mortar capable of 
attaining a great degree of hardness under water, 
under ground, or in places where there is a constant 
humidity. In the second case, where it is desired 
to obtain a mortar able to set in the open air, to re- 
sist rain, and the changes of the weather. He re- 
commends then, to mix with 
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CASE THE FIRST. 




Rich limes. 


Moderately 
hydraulic. 


Hydraulic. 


Eminently 
hydraulic. 


The very ener- 
getic puozzo- 
lanos, either 
natural or arti- 
ficial. 


The simply ener- 
getic pnozzola- 
nos. 

The very energe- 
tic ditto, mixed 
with half sand 
or other inert 
matter. 

The energetic 
arenes, or grau- 
wacke rocks. 


The slightly ener- 
getic puozzola- 
nos. 

The energetic 
ditto, with half 
sand or inert 
matters. 

The slightly ener- 
getic arenes, &c. 


The inert matters, 
such as sand, &c. 
Slag, scoriae, &c. 





CASE THE SECOND. 




Rich limes. 


Moderately 
hydraulic. 


Hydraulic. 


Eminently 
hydraulic. 


No ingredient 
can attain the 
object. 


No ingredient can 
perfectly attain 
the object. 


Any description of 
sand ; pounded 
quartz. 

The dust of pound- 
ed limestone and 
other inert mat- 
ters. 


Any description of 
sand ; pounded 
quartz. 

The dust of pound- 
ed limestone and 
other inert mat- 
ters. 
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General Treussart, however, does not agree with 
Vicat in supposing that the chalk, or rather the rich 
limes, cannot be rendered capable of setting hy the 
mixture of puozzolanos ; and, indeed, the experi- 
ence of almost all builders would lead us to believe 
that Vicat has, in this case, been carried away by 
the love of theory. Gauthey, in his work upon the 
construction of bridges, however, seems rather to 
lean to Yicat's opinion. 



CHAPTER VIII. 

ON THE MAKING OF MORTARS. 

The making of mortar comprehends the slacking of 
the lime and the mixture of the ingredients worked 
up with it. As we have already seen, both the for- 
mer process and the nature of the latter dijSTer, ac- 
cording to the nature of the lime to be dealt with. 
It is, however, an universal rule, in contradiction 
to the slovenly practice of London builders, that 
all limes, of what nature soever, should be reduced 
to a paste before being mixed with the other ingre- 
dients. 

People who have not studied the action of the hy- 
drates in a scientific and consecutive manner, oppose 
the introduction of the previous manipulation of the 
lime on the score of the extra expense, and on the 
pretence that the lime loses in strength thereby. As 
to the objection of the expense, that must gf course 
be estimated by the importance of the works. The 
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second objection is to be met by obsemng that the 
rich limes require to be for a long time exposed to 
the air to enable them to take up the carbonic acid 
gas ; and that, therefore, so far from losing, they gain 
by exposure ; and, moreover, the hydraulic limes 
being very difficult to slack, it is necessary that all 
their particles should be put in contact with the 
water. If the lime be not previously reduced into 
the state of a perfect hydrate, it is always exposed 
to blister, and to disintegrate, in a manner depend- 
ing upon the comminution of its particles before 
being employed ; for it is evident that if the lime 
be ground, the more inactive particles are in a 
more favourable condition for the absorption of the 
water. 

The degree of consistence of this paste should 
vary with the nature of the extraneous matters. It 
should be stiff whenever it is intended to form a 
gange for substances whose particles are hard and 
palpable, and which are capable of preserving sensi- 
ble distances from one another. It should be more 
liquid when the substances to be mixed with it are 
pulverulent, of impalpable and fine grains, present- 
ing an homogeneous appearance, and in which it is 
impossible to distinguish the separate elements, such 
as the puozzolanos, &c. To secure a proper state of 
the hydrate, it is of very great importance, however, 
not to use too much water in slacking the lime. So 
much should be used, and only so much, as is neces- 
sary to cause the quick lime to fall to powder. It is 
also equally important not to mix up into the state 
of paste more lime than is immediately required to 
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be used ; for although, upon being reworked, the hy- 
drates, which had began to carbonise, give ofi the 
water they had rendered latent, as it were, yet a 
portion of their force must evidently be lost by their 
doing so in proportion to the degree of advance- 
ment of the process. 

In France, whenever great care is required in the 
fabrication of the mortars, the lime is worked up into 
a paste in a mill, consisting of two vertical stones 
working in a trough. The lime, after going through 
this operation, is then mingled with the sand in a 
pug-mill, or by hand, upon a floor. If the dimen- 
sions of the construction should be such as to justify 
the expense, it should be made a necessary condition 
that mechanical means be employed, for even with 
the greatest possible care the mixture by hand is 
never perfectly effected. 

The quantities of sand to be used vary, as might be 
expected, according to the nature of the limes, and 
also of this sand. Within certain limits, if they do 
not gain by the mixture, at least their effect is not 
sensibly diminished. Thus we find that, for the rich 
limes, the resistance is rather increased if the sand 
be in the proportions varying from 60 to 240 per 
cent, of the paste measured in bulk in the state of a 
firm paste. Beyond that point the resistance de- 
creases. 

The resistance of hydraulic limes increases, if the 
sand be mixed in the proportion of 50 to 180 per 
cent, of the paste ; from thence it decreases. The 
much greater proportion of sand the rich limes are 
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able to support, may perhaps account for the par- 
tiality of the builders in their favour. 

If it be required to mix common lime and puoz- 
zolanos, the best proportions, according to General 
Treussart, are 1 of lime in powder to 2j of puoz- 
zolano ; 1 of lime to 2 of trass ; or 1 of lime to 1 of 
sand, and 1 of puozzolano or trass. 

The best hydraulic limes, as we have seen, lose 
much of their qualities if long exposed to the air ; 
it is therefore advisable to work them only for the 
time absolutely necessary to ensure, firstly, their 
perfect reduction to the state of hydrates ; and, se- 
condly, the intimate mixture of the lime and sand. 
The rich limes, however, as we have before said, in- 
asmuch as they absorb the carbonic acid gas with 
difficulty, gain by being exposed for a longer period 
to the contact of the atmosphere. As far as such a 
proceeding is consistent with economy, it is advis- 
able, then, to protract the operation of their manipu- 
lation as much as possible ; it is even advisable to 
work up large quantities of such mortar beforehand, 
which are subsequently rendered fit for use by a se- 
cond manipulation. 

Some of Yicat's experiments show that all limes 
lose two-fifths of their strength if mixed with too 
much water. It is then better to wet the materials 
to be used, and to employ a stifi* mortar, than to fol- 
low the course usually adopted by masons and brick- 
layers of using very fluid soft mortar. The system 
of grouting is more than questionable in its results ; 
the lime suspended in it is nearly destroyed, the 
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extra quantity of water is but an addition to the dif- 
ficulties of setting opposed to the mortar already in 
place. 

There are conditions of the atmospheric state which 
afiect the goodness of the mortars, about whose action 
the best authorities are not decided; For instance, 
those made in summer are always worse than those 
made in winter. It has been supposed by some that 
this fact is accounted for by the too rapid desiccation 
of the mortar ; and Vicat even asserts that they lose 
four-fifths of their strength if allowed to dry very 
rapidly. He recommends, in consequence, that the 
masonry be watered during the summer months, in 
all conTtructions of importance, to guard against Ihis 
danger. Probably the hydrates are not in a favourable 
condition to absorb the carbonic acid gas, if they 
be allowed to dry rapidly ; the presence of the water 
being necessary for the combination of the lim eand 
the carbon. 

The fireedom of the water from carbonic acid gas 
in solution is also a necessary condition of the suc- 
cessful use of the hydraulic limes. Their success 
depends, in fact, upon the slow, gradual manner in 
which they take up that gas from the atmosphere, 
and crystallize about the nuclei ofiered to their 
action. Some engineers prescribe that the water 
should be deprived of such impurities by boiling, 
and although the precaution be rather exaggerated, 
it is certainly of a useful tendency. 

As the lime reduced into a paste does but fill up 
the voids of the materials it is mixed with, there is 
necessarily a very considerable diminution of bulk 



70 ON LIMES, CALCAREOUS CEMENTS, 

upon the quantities of the respective substances 
taken separately. The exact amount of this diminu- 
tion varies of course with the limes or sand employ- 
ed ; but as a general rule it may be taken as about 
three«fourths of their collective volumes. To stite 
this in a convenient formula ; if a=: the bulk of the 
lime, hzz. the bulk of the sand ; then (a + i)x0'75=: 
the bulk of the mortar they will produce. 

The position in which a mortar of any description 
is to be used, also modifies the proportions of sand 
which it is desirable to mix with it. Underground, 
in the water, and in damp positions, lesss and should 
be employed than in the open air, where it is exposed 
to the changes of the atmosphere. 

It is often a matter of importance to know the 
power of resistance of mortars, but, as they differ 
within a very large range, it is not easy to state 
it very precisely. The best experiments, however, 
show that we may safely calculate for all practical 
purposes upon a resistance of 14 lbs. avoirdupois per 
inch superficial, to a force acting in a direction to 
tear asunder — an effort of longitudinal traction. 
Of 42 lbs. to a crushing force ; and of 5^ lbs. per 
inch superficial to a force tending to make the parti- 
cles slide upon one another. It would not be safe to 
expose new works to greater efforts than those which 
could be classed under the above heads. 



MOBTARS, STUCCOS, AND CONOHETES. 71 

CHAPTER IX. 

ON CONCRETES. 

The term ^^ concrete'' is usually applied to a species 
of rough masonry of small materials consisting of gra- 
vel, or broken stone mixed with a lime either pre* 
viously worked into a mortar or not, as the nature of 
the lime may require. It is principally used for the 
purpose of distributing the weight of a large heavy 
construction over the greatest surface possible ; or 
for the backing of coursed masonry, in cases where 
walls are required of great thickness. Properly 
speaking, it would be better to apply the word " con- 
crete" to this sort of masonry, when executed in the 
manner usually adopted in our country, by slacking 
the lime upon and in immediate contact with the 
gravel. When the lime has been previously worked 
into a paste, the French word ^^ beton" might be ap- 
plied, for the sake of distinguishing the two processes. 

The use of this beton or concrete, is very ancient, 
for it is found to have been employed by the Romans ; 
and Smeaton expressly states that he derived the idea 
of using it, as a backing for river works, from an in- 
spection of the ruins of Corfe Castle, in Dorsetshire. 
In the middle ages it was very commonly used, as 
may be proved by an inspection of the ruins of feu< 
dal fortifications. General Pasley was, therefore, 
mistaken in awarding the merit of the introduction 
of this system to Sir Robert Smirke. 

Of course the quality of a concrete must depend 
upon the nature of the materials to be employed. 
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The situations in which it is to be used are mostly 
those in which there is a great amount of humidity, 
and in which from the facts that, firstly, the concrete 
is in large masses, and secondly, that it is covered 
up as soon as executed, it is necessary to employ 
only such materials as are susceptible of a rapid 
setting and continued progression in their powers of 
resistance. In the former parts of this treatise we 
have seen that the limes which unite the above con- 
ditions are the hydraulic limes, obtained either from 
the argillaceous, or the magnesio-argillaceous, carbo- 
nates of lime. In their absence, some ingredients of 
the nature of the puozzolanos, burnt clay, slag, or 
cinders must be used. But it should always be 
borne in mind, that all these mixtures are but very 
imperfect imitations of the natural productions ; they 
should never be used if the hydraulic limes can be 
obtained, even at an increased price ; and, as was 
before said of the hydraulic limes, those obtained 
from the calcination of the limestone itself are pre- 
ferable to those made artificially. 

In almost every work upon the art of construction, 
we meet with descriptions of modes of making con- 
crete. It is, however, very discouraging to observe 
that, in spite of all that may be said, the majority of 
architects and engineers treat the subject with such 
utter indifierence that the old imperfect systems 
are still retained, and the conduct of these works is 
left almost invariably to some rule-of-thurab work- 
man, who only knows that he has been accustomed 
to make concrete in a certain manner, without 
knowing any one of the principles which regulate 
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the action of the materials he works with. We thus 
find that the bulk of the concrete made in and near 
London, where the building art ought to be the 
most advanced, is made simply by turning over the 
ground stone lime, a very moderately hydraulic one, 
by the way, amongst the gravel. It is then put into 
barrows, and shot down from a stage. Such a mode 
of proceeding is rapid and economical; but it is 
eminently unscientific ; leading doubtlessly to the 
waste of material we so often witness, for the practice 
is to make the concrete about one-third thicker than 
would be at all necessary if the process of making it 
were more perfect. Unfortunately in England we 
do everything in such a desperate hurry, especially 
since railroads have been constructed, that we can- 
not afibrd the time necessary for a perfect execution 
of the works. Failures are consequently frequent, 
the waste of materials enormous ; and, of course, 
between the two, the expense is out of all proportion 
to what it ought to be. 

It cannot be too often repeated that the first con- 
dition necessary to obtain a good concrete, or beton, 
is that the lime be brought to the state of a perfect 
hydrate before being mixed with the nuclsBi which 
it is intended to surround. It should, therefore, be 
reduced to the state of a thick paste, and made into 
a mortar before it is mingled with the gravel. Instead 
of being thrown down from a height, and left to 
arrange itself as it best may, it should be wheeled jn 
on a level, and beaten with a rammer ; for we find 
that, when thrown thus from a height, the materials 
separate, and the bottom parts of a thick bed of 
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concrete are without their proper proportion oflime. 
The advantage of making the lime into a mortar pre- 
viously is that it fills in a much more perfect manner 
the intervals of the gravel or stones ; and in fact 
renders the concrete what it is meant to be, an im- 
perfect species of rubble masonry. 

For water-works required to set rapidly, an ex- 
cellent concrete may be made by a mixture of hy- 
draulic limes, puozzolanos, and sand. The propor- 
tions found to yield the best results are given by 
Treussart, as follows, viz. : 

80 parts of hydraulic lime, very energetic, measured 

in bulk, and before being slacked. 
80 „ of trass of Andernach. 
30 „ of sand. 
20 „ of gravel. 
40 „ of broken stone, a hard limestone. 

The above proportions diminished one-fifth in 
volume after manipulation : the mortar was made 
first, the stones and gravel added thereto. When 
the puozzolano of Italy is used, the proportions, for 
the same description of work, become (in bulk, as 
before) — 

33 parts of energetic hydraulic lime, measured 

before slacking. 
45 „ of puozzolano. 
22 „ of sand. 
60 „ of broken stone and gravel. 

The first of these concretes should be employed 
immediately it is made ; the second requires to be 
exposed about twelve hours before it is put in place. 



MORTABS, STUOCOS, AND CONCBETES. 79 

When burnt clay or pounded bricks are used, the 
proportions should be the same as with the trass; 
but, as we have seen before, the use of this material 
is not to be recommended in the sea water. If rich 
limes be used instead of hydraulic, the dose of the 
natural or artificial puozzolanos must be increased, 
and that of the stone and gravel diminished. 

In positions where sufficient time can be allowed 
for a concrete or beton to set, if made simply of 
lime, sand, and gravel, the expense of the puozzo* 
lanos should be avoided. A vei*y excellent concrete for 
either sea or river works is made by a mixture of a 
mortar made of three parts of fine sand to one of 
hydraulic lime unslacked, with equal quantities of 
gravel or broken stone : the proportions of the last 
may often be augmented to 1^ to 1 of the mortar 
without inconvenience. No water should be mixed 
with the mortar and gravel during their manipu- 
lation; the mortar itself, if possible, should be 
prepared in a pug-mill, and mixed with the gravel by 
being frequently turned over on a platform. Every 
precaution should be taken to prevent the difierent 
ingredients from being mingled with clay or other 
earths. 

The concrete thus made should be spread in 
layers from 10 in. to 1 ft. in thickness, and well 
rammed, until the mortar begins to flush up at the 
top. A course once commenced should never be 
allowed to be interrupted until completed throughout 
the whole of its length. When the work is executed 
in water, other precautions require to be taken, not 

£ 2 
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only for the purpose of compressing the concrete^ 
but also to prevent the lime from being washed 
away. These must of course vary with the circum- 
stances of each particular case ; but we must always 
remember that works of this kind, executed under 
water, are far inferior to those executed dry. 

When works are left to the care of mere workmen, 
as they too often are with ourselves, a very absurd 
mode of making concrete is often adopted where 
there is much water to be contended with. The 
lime is mixed with the gravel, without being pre- 
viously slacked, and left to absorb the water neces- 
sary for its passing to a hydrate how it may. Such 
a course is uuphilosophical and dangerous to a 
degree, and cannot too carefully be guarded against. 
In fact, the object to be attained, of securing a 
carbonate of lime by the equal and regular action of 
the hydrate, is thereby rendered impossible. It is 
much more than probable that many of the particles 
of lime can in these cases only obtain the water 
necessary for their solidification by absorption from 
the others around them. They must begin their 
action after the others have ceased; and as the 
process of crystallization in all cases requires a new 
molecular arrangement, often accompanied by an 
expansion, there is little reason to doubt but that if 
the lime be in large quantities, it must disintegrate 
the mass. 

Vicat executed the beton for the bridge of Souillac 
upon the Dordogne in the following proportions in 
volume : — 
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26 parts of hydraulic lime in paste. 

39 yy of granitic sand. 

66 „ of gravel. 
This mixture diminished in volume in the proportion 
of 1*31 to 1*00. But the diminution in volume 
dijSTers of course with the limes, or the sands used in 
the different localities. 

Broken limestone appears to add very much to 
the qualities of concretes, betons, and mortars. 
Very probably this may be attributed to the affinity 
between the molecules of the already formed car- 
bonate of lime, and that which is in process of 
formation; the new crystals may group themselves 
more easily .about bbdies whose form is similar to 
the one they are themselves to assume. Or possibly 
there may be a tendency in/ the chemical elements 
to arrive at a state of equilibdam ; and the carbonate 
of lime may, therefore, be supposed to part with a 
certain portion of its carboiiic acid gas. 

Many attempts have been made to produce with 
concrete a species of artificial blocks, amongst 
others, by Mr. Ranger. These do not appear to have 
answered in practice ; but we may safely assert that, 
if the mortars had been properly mixed in the first 
place, and if the concrete, when in the mould, had 
been properly rammed, and then allowed to dry very 
gradually, there is no reason why the attempts to 
make artificial stone should fail. One great cause of 
failure always has been, that the blocks are exposed 
too soon after fabrication. They dry rapidly, un- 
evenly, and consequently crack in every possible 
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direction, and thus offer great facilities for the 
action of the frost upon any water they may contain. 
The resistance of beton or concrete should never 
be regarded as being superior to those already given 
for limes, if the superstructure be commenced upon 
them immediately. In both cases the resistances 
are found to increase with comparative rapidity 
during the first six or seven months. It would be 
advisable, therefore, to leave concretes undisturbed 
during that space of time if it were possible. 



CHAPTER X. 

ON CEMENTS. 



A PECULIAR class of the argillaceous limestones 
yields upon calcination a species of lime capable of 
setting under water with very great rapidity, of 
acquiring a great degree of hardness within a very 
short space of time, and of being employed without 
the admixture of any foreign substance. The name 
of" cements" has been somewhat absurdly conferred 
in an especial manner upon this class, although, 
properly speaking, the word is generic, and should 
include all substances capable of cementing together 
small materials. 

The first discoverer of this kind of cement was 
Mr. Parker of London, who in the year 1796 took 
out a patent for the manufacture of what he called 
Roman cement, from the septaria nodules of the 
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London clay formation, found in the Island of 
Sheppj. His process consisted in calcining the 
stone, previously broken into small fragments, to a 
point equal to the commencement of yitrification, 
and then reducing it to powder by some mechanical 
operation. Parker appears to have thought that 
a very high degree of heat was necessary to the suc- 
cess of the operation ; but we shall have occasion to 
observe hereafter that the point of calcination has 
not the same influence on these cements which it has 
upon the ordinary limes. 

Subsequently Mr. Frost discovered that the sep* 
taria of Harwich, on the coast of Essex, producefd a 
cement of the same nature. Mr. Atkinson intro- 
duced another made from the nodules of the argil- 
laceous limestones of the secondary formations of 
Yorkshire. On the coast of France a similar material 
was found in 1802, at Boulogne. M. Lacordaire dis- 
covered it also at Pouilly, in the ancient province of 
Burgundy ; MM. Lam6 and Clapeyroh found it in 
Russia. It occurs in the Isle of Wight, in the Bay 
of Weymouth, and doubtlessly is to be met with in 
all the marl beds intercalated between the principal 
stages of the limestone formations, and very fre- 
quently in the tertiary clays, in the form of detached 
nodules, of a dark-coloured argillaceous limestone 
traversed by veins filled with calcareous spar- The 
colour is sometimes blue, especially when the nodules 
are obtained from the lias ; sometimes brown, or a 
deep red, in the tertiary formations, owing to. the 
presence of the oxide of iron in very considerable 
quantities. 
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The mineralogical composition of the stones from 
which the cement is made differs very much; but 
the characteristic type may be said to consist of 
above 30 and below 60 per cent, of clay and other 
extraneous matter in combination with the carbonate 
of lime. The Sheppy stone usually contains 55 
parts of lime, 38 of clay, and 7 of iron ; the York- 
shire stone contains 34 parts of clay, 62 of carbonate 
of lime, and 4 per cent, of iron; the Harwich stone 
contains 47 parts of clay, 49 of carbonate of lime, 
and 3 of oxide of iron. But the most careful 
analyses made by Berthier are as follows. The 
stones experimented upon were — column 1, the 
Sheppy stone ; column 2, the septaria of the coast 
near Boulogne; column 3, a stone from Matala in 
Sweden ; column 4, a stone from the neighbourhood 
of Argenteuil, near Paris. 



Carbonate of lime 
Magnesia . . . . 
Oxide of iron . . 
„ manganese 

Silica 

Alumina . . . . 
Water 



Waste or error , , 



Total 



0-690 
0-002 
0-037 
0-012 
0-180 
0-066 
0-013 



1-000 



1-000 



0-639 

0-075 

0-150 1 
0-048 y 
0-066 J 



0-978 
0-022 



1-000 



0-661 
0-022 



0*295 



0-978 
0-022 



1-000 



0-651 
0-019 
0-060 
0070 
0-140 
0-060 
0-060 



1-060 
0-060 deduct. 



1-000 



^ ^> ■ I !■■ » I 



The cement stones are burnt in conical kilns with 
running fires, and, in England at least, with coke or 
coal. The mode of burning requires a considerable 
degree of attention, for experience has demonstrated 
that Parker was mistaken in supposing that a com* 
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mencement of vitrification was necessary. On the 
contrary, the practice of manufacturers at the pre- 
sent day is rather to under-bum the cement, with the 
object of economizing the expense of grinding. This 
material differs in this respect also from the ordinary 
limes, that the precise point of calcination does not 
affect its qualities. 

Before being burnt, the stone is of a fine close 
grain, of a rather pasty appearance ; the surfaces of 
fracture are rather greasy to the touch, and some- 
what warmer than the surface of the stone. Ex- 
amined with the microscope it exhibits many 
sparkling points, which may be either crystals of 
carbonate of lime, or of some of the other con- 
stituents. It sticks easily to the tongue ; it does not 
strike fire ; its dust, when scraped with the point of 
a knife, is a grayish white for the most part, espe- 
cially when derived from the blue lias formation. It 
effervesces with nitrous acid, and gives off nitrous 
acid gas. During the calcination the stone loses 
about one-third of its weight, and the colour becomes 
of a brown tinge, differing with the stones from which 
the cement is obtained. It becomes soft to the 
touch, and leaves upon the fingers a very fine dust ; 
it sticks very decidedly to the tongue. 

When withdrawn from the kiln in blocks, the 
cement absorbs water with so much difficulty that 
General Pasley was almost justified in stating that it 
could not do so. As he remarks, ^^ it might be pre- 
served in this state for a long time in a dry room ; 
but calcined cement being of no use until it is pul- 
verized, this is always done at the mill of the manu- 

£ 3 
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facturer, to save the necessity of every purchaser pro- 
viding himself with an apparatus for grinding it." It 
is usually put into casks well closed when thus ground, 
and may in that state be preserved for a very long 
time, but the contact with the atmosphere rapidly de- 
teriorates its quality. The cement powder absorbs 
the humidity and the carbonic acid gas from the 
atmosphere ; it then passes gradually into the state 
of a subcarbonate ; but a second burning, carried to a 
lower degree than that employed for the first calcina- 
tion, restores its useful properties. 

It is to be observed, and the fact is of sufficient 
importance to warrant repetition, that though all 
cements and limes tend to reassume a state of car- 
bonization similar to that in which they existed in 
the stones from whence they were extracted, they 
only do so to a very imperfect degree. The proverb 
that lime at a hundred years is but a child, is per* 
fectly true. Cement hardens more rapidly ; but we 
have no instances of its acquiring the strength of the 
original stone. 

M. Petot mentions that, in his experiments upon 
the calcination of the cement stones, he found that 
when it had been carried to the point of driving off 
all the carbonic acid gas, the powder it gave was 
perfectly inert. This should be borne in mind in 
making any new experiments on this class of lime* 
stones ; and at any rate it constitutes a very remark- 
able difference between it and those which produce 
the common lime. The same distinguished engineer 
also found that cement mortar was capable of being 
revived after the lapse of a considerable time. We 
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may remark, in passing) that his researches form the 
best text'-book upon the subject of the calcination 
both of limes and cements. 

There does not appear to be any definite rule in 
the London trade respecting the size of the casks, 
or the nature of the means by which the cement is 
transported. This is of little importance as long as 
it is intended to use it in the immediate neighbour- 
hood of the source of supply. When, however, the 
cement has to be transported to any great distance, 
it should never be packed in barrels of more than 
6 cwt. each, and with the greatest precautions to 
prevent the contact of the atmosphere in any manner 
whatever. 

The specific gravity of the stone is about 2*16 ; 
that of the calcined stone in block is about 1*58; 
that of the powder, very loosely packed, is about 
0*85 to 1*00. The best cement is, however, that 
which is the lightest, and it should be ground very 
fine. The size of the sieve required to be used by 
the French engineers is No. 2 of their wire gauge, 
and 185 meshes to the square of 4 inches of a side ; 
which seems a very reasonable dimension. 

The use of these natural cements requires a great 
degree of skill and attention on the part of the work- 
man. If it be not brought to a proper consistence ; 
if too much or too little water be used ; if it be not 
immediately employed as soon as made ; it solidifies 
unequally, it cracks, and adheres badly to the mate- 
rials. The care requisite for its successful applica- 
tion constitutes, in fact, the great objection to the 
use of the cement. It is always dangerous to ba 
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obliged to rely on the skill or integritj of workmen 
who either do not understand the necessity of taking 
pains with their work, or who, from being paid by 
the piece, have an interest in slurring it over. 

A small quantity of water only is necessary to work 
up the cements to their greatest point of resistance, 
which General Treussart found to be the most suc- 
cessfully attained when the water was employed in 
the proportion of one-third of the cement in volume. 
It is necessary to beat up the cement very fre- 
quently ; indeed, the more it is turned over before 
the setting commences, the harder it becomes. No 
more should be prepared than can be immediately 
employed, for without this precaution it will set in a 
very short time. 

The time of setting varies with the nature of the 
water used, and the quantity of sand present. With 
sea- water the time is longer th^n with fresh, and the 
sand retards the process very considerably. When 
the cement is new, however, the time of setting,, if it 
be used pure, should never exceed half an hour, a 
quarter of an hour being the normal interval. It 
often happens, however, that the best cement sets in 
a space of time not exceeding five or six minutes. 
Under water the interval becomes one hour at most. 
When mixed with sand in proportions varying from 
J to 1, lj,and 2, to 1 of cement, the time of setting 
becomes from 1 h. 2 min. to 1 h. 18 min. in th^ 
air; under water the time becomes proportionally 
longer. It may even, under sea-water, and if the 
mixture be also made therewith, extend, for the mix- 
tures with large proportions of sand, to 24 hours. 
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. Pure cement has much greater powers of resist- 
ance than when it is mixed with sand in any propor- 
tion whatever — in this again differing from the limes. 
The resistance to mptare after about 20 days' expo- 
sure to the air, is about 54 lbs. per inch square when 
the cement is used pure ; if the sand be in the pro- 
portion of ^ to I of cement, the same resistance falls 
to 37 lbs. ; if it be in equal proportions, it falls to 
27 lbs. Doubtlessly these resistances are less than 
we often meet with, but it is not safe in practice to 
count upon a greater strength than they indicate. 
Rondelet's rule, that the resistance to cnishing is 
three times that offered to traction, does not seem 
to be quite correct in this case, for it would make 
the resistance of pure cement only equal to 162 lbs. 
per inch superficial ; but, again, it would not be safe 
to take a higher degree of strength as the basis of 
any series of calculations for practical purposes. 
Moreover, the permanent load in any large works 
should never be more than one-sixth of that required 
to produce rupture ; and, if small materials be em- 
ployed, the resistance should be calculated at only 
one-fifteenth of that indicated by theoretical conclu- 
sions of the above nature. 

Cement adheres veiy strongly to iron, to granite, 
and to bricks, in a proportion following an inverse 
direction to the manner in which they have been 
just named. When re-burnt, after having lost its 
strength by exposure to the air, the resistance is not 
more than one-fourth of that of the fresh cement 
from the stone. 
. The resistance to an effort tending to make stones 
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slide upon their beds when joined by pure cement, 
msLj be considered equal to 9 lbs. per square inch upon 
the average ; but it often arrives at 18 lbs. per inch. 

From these considerations it would appear that the 
best mode of using the natural cements is to employ 
them without sand in all works under water, or where 
a great crushing weight is to be brought upon them 
at once. For foundations in damp situations, where 
rapidity of execution is desired, they may be mixed 
with 2 parts of sand to 3 of cement ; the same pro- 
portions are suitable for cornices, or coatings exposed 
to the weather. 3 parts of sand to 2 of cement make 
a good mixture for pei-pendicular faces; but card 
must be taken that the cement be used so as not to 
allow of the formation of fissures, or the frost will de- 
stroy it. 

Many of the failures of the coatings executed upon 
brickwork are to be attributed to the neglect of pro- 
per precautions against the action of the atmosphere. 
It is important that the brickwork to be covered 
be thoroughly dry before the coating is added, or 
the expansion of the water it contains will blow off 
the latter. The cheap and disgraceful system of 
colouring, instead of painting, also leads to many 
failures in the employment of this very useful class 
of materials. 

In England, owing to the cheapness of the so* 
called Roman cement, whether specifically distin- 
guished as Atkinson's, the Medina, or merely called 
Roman, almost all the works executed in water at 
the present day are executed with it. But there are 
reasons to make us doubt whether we do not in this 
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case adopt a system which is at least open to objec" 
tion. Cement is so convenient, that engineers and 
architects neglect to study the qualities of lime ; and 
some very unfortunate accidents hare arisen from 
that neglect* The author has seen, in one of the 
government dockyards, the whole of the backing 
of a graving dock executed in cement, when there 
were large works in the immediate vicinity for the 
manufacture of the blue lias lime--a most shameful 
waste of the money of the nation. All the profession 
may recollect a sad accident, which cost the lives of 
several men, and which arose from building columns 
in cement, on bases in mortar. The Roman cement 
is a most admirable material in all cases where great 
rapidity of setting is required ; but it should only be 
used in such cases, for the good hydraulic limes in 
time attain a degree of resistance sufficiently great 
for all practical purposes, and at a much less expense. 
To use a hard quick-setting material upon a yielding 
base, is a degree of ignorance totally unaccountable 
on the part of any professional man of average dis- 
cernment. In Ane, the uses of these pements are 
many and various ; we, in our country, are rather in- 
clined to abuse them. ■ 

There are many sorts of artificial cement employed 
which are obtained either from the over-calcination of 
the hydraulic limes (all of them possessing the faculty 
of acquiring a more rapid setting, and a greater de» 
gree of hardness when so burnt), such as the Portland 
cement before mentioned ; or from the mixture of 
burnt clays with the rich limes. In some parts of 
the continent, where the natural cement stones ^^ 
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not exist, the latter are much used, and they yield a 
very tolerable substitute for the articles they replace. 
They are not exposed to the inconvenience which 
attends the over-calcined limes, of swelling in setting; 
but they are far from attaining the hardness of either 
the one or the other. Their use is principally con- 
fined to a mixture with the slow-setting limes when 
they are employed in damp situations, and in these 
cases they succeed remarkably well. The cesspools 
and water tanks throughout the interior of Normandy 
are lined with a mortar made in this manner, and 
they resist perfectly. But they are never used if the 
natural cements can be obtained at a reasonable 
price. 

It is to be observed, that although the Portland 
cement is exposed to the before-mentioned incon- 
venience, it has other qualities of a very remarkable 
nature. It becomes in equal times, after the first set- 
ting (which by the way is very irregular), much harder 
than the Roman cements. It will admit of a much 
larger quantity of sand for every purpose ; and, more- 
over, it does not appear to absorb the humidity of 
the atmosphere with the same facility, consequently 
resisting the action of the frost more successfully, 
and being less exposed to discoloration by the for- 
mation of vegetation. 

In some parts of France, especially in the ancient 
Lorraine, limestone beds are worked which yield a 
species of cement intermediate between the Roman 
cements and the eminently hydraulic limes. The 
best of these occur at Flavigny, and Richard Menil, 
near Nancy, where they are principally used for 
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making floors of one piece, and of a smooth uniform 
sarface. The colour of the stone is of a darkish brown, 
of a great tenacity and very compact; its specific gra- 
vity is 2'62. The lime it produces is of a yellowish 
gray, and it sets very rapidly in water. Mixed with 
the clean gravel of the Moselle, in the proportions 
of 4 J to 1 of cement, the volume of the mixture dimi- 
nishes one-fourth ; it is then spread upon the form 
prepared to receive it, and well beaten. There must 
be many beds of such limestone in our own country ; 
and, if they were properly sought for, they might add 
materially to our faciUties for building. We require 
a careful geological survey of England to ascertain 
the riches we possess of this nature. A commence- 
ment was made by the parliamentary commission 
for the choice of the building stones for the Houses 
of Parliament ; but it did not extend its inquiries to 
the other branches of this very important part of 
practical science. 



CHAPTER XI. 



ON THE VARIOUS CEMENTS COMPOSED OF NUMEROUS 

EXTRANEOUS INGREDIENTS. 

There exists also an infinite number of processes for 
making cements able to harden under water, and to 
acquire a great degree of resistance. Their success 
is of course very various ; nor can it well be other- 
wise, for as all these mixtures depend for their suc- 
cess upon the care and skill observed in their mani- 
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pulation, thej must be exposed to all the accidents 
which attend the processes of human industry. The 
following are some of the artificial cements alluded 
to ; but the list might be extended indefinitely with- 
out including all the varieties. 

They may be separated into two grand divisions, 
the bituminous and the oleaginous; both of the 
classes are of constant use in the arts of building ; 
and they furnish materials of very great importance, 
either for the coating of works for ornamental pur- 
poses, or for protecting them against the action of 
water. 

The bituminous cements are used either for the 
purpose of supplying the absence of large flagging 
for street paving, or for covering the extrados of 
arches, in order to prevent the percolation of the 
water from the upper structure. In many situations 
they are very successful, when employed for street 
paving; but, generally speaking, we in England 
have no occasion for such substitutes for stone. 
Such is not the case in France, however; and it 
might be economical to use these cements in some 
of our own inland towns, where the land carriage ren- 
ders the stone flagging very expensive. For covering 
arches, these cements are, moreover, very much to be 
recommended. In all new masonry, with whatever 
care executed, there are always movements which 
fissure the coatings executed in limes or natural 
cements. These again are subject to unequal shrink- 
age and contractions, which produce crevices ; and, 
from these united causes, it is very rare to find that 
such coatings are impermeable. The bituminous 
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cements are more elastic ; it often happens that small 
crevices solder themselves^ so to speak ; and, if any 
serious repairs are required to be done, it is much 
easier to execute them than it is when the works are 
executed with limes. 

The best bituminous cements are obtained from 
the natural asphalt, which is met with in large 
quantities on the shores of the Dead Sea; in Albania; 
in Trinidad ; at Lobsann and Bekelbronn, in the 
department of the '' Bas Rhin ;*' in the department of 
the Puy de Dome ; near Seyssel, in the department of 
the *^ Ain/' at Gaugeac, in that of the Landes ; and 
would, in all probability, be found near Castleton, in 
Derbyshire, if carefully sought for. 

There are two sorts used in commerce, the pure 
and the impure. The first does not contain ex- 
traneous matter in any great degree; the second 
contains a variable proportion of carbonate of lime, 
and is, therefore, better adapted to such works as 
are exposed to the effects of the sun. The purer 
asphalt melts in such positions, but it is better for 
subterranean works. 

The best bitumen, or asphalt, for the words are 
very illogically confounded in commerce, is free 
from water. Its specific gravity is I'lO to 1*15 at 
the ordinary temperature; it is solid, but highly 
ductile, for it draws easily into threads ; its fracture 
is black, slightly brilliant. Put into warm water, it 
should float upon the surface, and in that operation 
it should not deposit any sand. It dissolves com- 
pletely in the oil of petroleum and the essence of 
turpentine ; and the dissolution, which should be of 
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a bistre or dark-brown colour, after being filtered, 
should not be found to have contained more than 
seven per cent, of earthy matters. In commerce 
much fraud takes place by mixing coal tar, and 
pitch ; but these materials, though very valuable by 
themselves, destroy the superior qualities of the 
mineral asphalts. It is also highly important to 
secure the purity of the asphalt from sulphur, or the 
sulphates of iron. Even so small a proportion as 
0*5 (or jf) per cent, would materially diminish its 
value. 

When the asphalt is to be used, the pure, solid, 
bitumen is thrown into a quantity of mineral pitch, 
in a state of ebullition ; for if it were put into the 
cauldron alone, it would calcine without melting. 
If any sand or earthy impurities be present, they 
should be removed at this stage of the process. The 
calcareous matters are mixed with the melting bitu- 
men in proportions varying with its nature ; and the 
mixture is applied by means of large spatules, or 
trowels. Colonel Emy found the following propor- 
tions to be the best for the asphalt of Gaugeac, and 
they may be taken with tolerable safety, as being the 
most suitable for all the members of this class of 
cements, when used as a coating for arches. 

2^ pints (wine measure) of pure mineral pitch. 

11 lbs. avoirdupois of Gaugeac bitumen. 

17 pints of powdered stone dust, wood ashes, or 
minion. 

It is advisable to lay this cement upon a bed of 
concrete or mortar ; and as much as possible in slabs 
of 2 ft. 6 in. to 3 ft. in width. It is evenly spread 
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and compressed by a trowel, and well rubbed and 
reduced to a uniform close surface. When all the 
bubbles have been expelled, a fine sand is sprinkled 
over the surface, and worked in with the trowel, 
observing never to fill the crevices formed by the 
air-bubbles with sand, but only with asphalt. 

The thickness necessary for coating any arches is 
not more than from three-fifths to half an inch ; the 
quantity of the cement thus employed to cover a 
yard square is about 4^ lbs. 

For street pacing it is absolutely necessary to 
employ a bed of concrete of hydraulic lime and 
gravel ; the upper surface being rendered smooth by 
a coating of hydraulic mortar. The thickness should 
be increased to three-fifths of an inch ; and it is ad- 
visable to add a small quantity of pure quick lime to 
the bitumen in ebullition, to prevent the asphalt fi-om 
becoming soft under the influence of the sun's heat. 
The surface upon which the asphalt is to be em- 
ployed should be perfectly dry; and it should be 
applied as hot as possible. All the natural asphalts 
are not of the same quality in so far as their 
elasticity is concerned. If, therefore, any of them 
are found to be too brittle, that defect should be 
remedied by mixing a quantity of the mineral pitch, 
or petroleum ; but on no account by the mixture of 
coal tar, or vegetable pitch. 

The coal tars, or vegetable pitch, although they 
be not so desirable as the natural bitumens for 
building purposes, may in many cases become very 
valuable substitutes for them. They are not so 
supple, the stone powder to be mingled with them 
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requires to be prepared with greater care; and it 
would appear that they are not so durable as the 
natural productions of a corresponding class. But 
they make very good coatings for vaults, or for walls 
exposed to the dampness of the earth, and many 
situations occur in which their use must be more 
economical than that of the materials they are to 
replace. For foot pavings, however, they do not 
answer at all. 

The mode of using them is to mix powdered cal- 
careous stone, in variable proportions, with the pitch 
or tar in a state of ebullition. Care must be taken 
that the stone be thoroughly dry ; for if it were wet, 
it would render the cement porous, from the effect of 
the vapour trying to escape. The burning, or de- 
gree of heat, must also be so regulated that the stone 
be not converted into quick lime, which takes place 
with comparative facility owing to its highly com- 
minuted state. The proportions of powder are from 
6 to 7 of the pitch in volume, but these require to be 
ascertained by direct experiment in every distinct 
case. All the other details of the use of these 
cements are precisely the same as in the case of the 
natural asphalts, excepting that it is advisable to 
use them in greater thicknesses. 

The cements, used for mosaic works are some- 
times of the bituminous character. As used on the 
continent they are of three sorts. The first, which 
serves to set the large tessersB in forming floors, 
is composed of pitch mixed with a black earth ; the 
second, which serves to set stones of middling 
dimensions, is made of the calcareous stone of Tiyoli, 
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and of oil ; it is properly an oleaginous cement ; the 
third, which is used for the more delicate mosaics of 
pieces of glass, is made of lime, pounded bricks, 
gum andrs^an, and the white of eggs. The French 
plumbers unite the glazed pottery tubes they employ 
for the distribution of water^ with a hot cement made 
of resin, wax, and lime ; or with a cold cement com- 
posed of quick lime, cheese, milk, and the white 
of eggs. The list of these mixtures is, as we ob- 
served before, interminable ; their use is also not of 
sufficient importance to require a detailed notice. 

The oleaginous cements were formerly very much 
used in London under the name of mastic, for the 
purpose of the ornamental decorations of the Quad- 
rant, and of Eling William Street in the City. They 
produce a very fine, close-grained, even surface, and 
if painted in the beginning, and repainted every 
three or four years, they retain their beauty for a 
very long period. Their use has, however, very 
much diminished of late, owing to the expense, and 
the difficulty of the manipulation. Indeed, there 
are no reasons which should induce us to prefer 
these materials to the hydraulic cements obtained 
from the septaria, in face of the great difference in 
their prices. 

The best mastics used are known in commerce 
under the names of Hamelin's mastic, in England ; 
and the mastic de Dhil, in France. The com- 
position of both is kept secret ; but the main prin- 
ciple of their fabrication consists in the mixture of 
pounded brick-dust or well-burnt clay^ with litharge, 
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the red protoxide of lead, and with peihaps some 
extraneous matters. As the proprietors of these 
processes object to their being rendered public, we 
content oorselFes with calling attention to them, and 
obsenringy that they are the best of this class of 
artificial cements. Many substitutes hare been in- 
Tented for them, which have been more or less sac- 
cessfid; the following being amongst the most re- 
markable. 

A litharge mastic is made by mingling 93 parts of 
burnt clay, pulTerized, with 7 parts of litharge 
ground to a very fine powder. It is mixed up for 
use with a sufficient quantity of very pure linseed 
oil to reduce it to the consistence of plaster in a 
similar state ; it is applied like plaster, after the sur- 
face has been previously wetted with a sponge filled 
with oil. This mastic was invented by the Baron 
Thenard, and it has answered tolerably well. 

At La Rochelle, the officers of the engineers used 
in 1826 a mastic which very closely resembled the 
mastic de Dhil. It was composed of 
14 parts in. volume of siliceous sand. 
1 4 parts of pulverized calcareous stone. 
-{-ig in weight of litharge (of the united weights 
of the sand and stone). 
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of the total weight of linseed oil. 



These powders were previously well dried in an 
oven, for it was found that the affinity of the mixture 
for the oil depended upon the state of desiccation of 
the matters, and upon the commencement of a cal- 
cination which appeared to be produced. The maS" 
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tic thus produced was mixed with oil in the usual 
manner, and the surfaces upon which it was applied 
were previously soaked with oil. 

In Paris the military engineers sometimes use a 
mastic of nearly a similar composition, which is made 
of 6 parts in weight of cement, 1 of white lead, 
1 of litharge, 3 of linseed oU, and J of a richer 
oil, perhaps an animal oil. At times the cement 
made from burnt clay is used, at others the natural 
cement; it has been found also that in some posi* 
tions the white lead might be advantageously replaced 
by a similar quantity of puozzolano. 

Yauban recommended a kind of mastic which 
appears to have answered very well for the lining of 
cisterns and such works. He took 5 or 6 parts in 
volume of rich lime, which had been slacked in lin- 
seed oil, and he mixed these with 2 parts of good 
cement passed through a very fine sieve. The 
mixture was beaten up for about half a day ; it was 
laid aside for a night, and beaten up again during 
half an hour on the next day. It was then laid on 
the work to be covered in coats of from ^tl||to ^th of 
an inch at a time, the joints being first well raked 
out and cleaned. After three or four days, a second, 
and subsequently a third and a fourth coat were 
added, the lower one being well scored to form a key 
to the last one to be applied. This is the simplest, 
and experience has shown it to be one of the best 
methods of making mastic ; but we may repeat that 
such compositions are but elaborate modes of sup- 
plying the places of what exist already in the more 
convenient form of the natural Koman cements. 

F 
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CHAPTER XIT. 

ON PLASTERING* 

The modes of ^^ rendering" the insides of dwellings 
yarj in different countrieB with the materials most 
commonly found* Wherever the sulphate of lima 
occurs in large quantities^ it is the material exclii- 
sivelj employed ; when it becomes too dear, a oom^- 
bination of lime with sundry other materials is sub^- 
itituted fot it | or cement^ either natural or artificial^ 
is used,. 

The sulphate of lime is met with in large foritia- 
tions known under the commercial name of gypsum. 
It is to be found, in England^ at Alston, in Cumber- 
land ) at Shotover Hill, in Oxfordshire ; a variety 
of the fibrous gypsUm occurs in Derbyshire^ and in 
Cheshire. In the neighbourhood of Paris, it is met 
with At Motitmartte, Belleville^ Charonne, M^nilmon'' 
tant, le Mont Yal^rien, Triel, Meulan, and Yaiix. 
It is Worked in the departments of the Sotoe stud 
Loire, o^he Bh6ile, of the Mame, the Seine and 
Oise, and of the Laiides $ in the Alps and the Lower 
Pyr^n^es; it is also found near Marseilles, Grenoble, 
Mont Blanci and Mont Ctoiid ; in Tuscany, Savoy ^ 
Spdn, and Switzerland. An anhydrous variety is 
worked at Bergamo, and Milan, which comes from 
die neighbourhood of Vulpino. In Germany there 
are also beds of it largely worked for the purpose of 
dressing the artificial meadows ; and large quantities 
are extracted also for the same purpose in the 
British colonies of North America, which are ex- 
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ported principally to the Ubited States. It may be 
naid geologically to occur either in contemporary 
litrata of glfeat thickness (as near Paris) in the ter- 
tiaty formations; or in the irridescent marls {les 
mamei irisSes) of La Meuse, or the Aveyron ; or in 
ttiasses of a subsequent date in the different secoU'^ 
dary rocks. These last masses are constantly in 
contact with the igneous rocks, and they are very 
frequently associated with the dolomites, rock<>salt, 
bitumen, and sulphur in a distinct form. 

The sulphate of lime is insipid, or of a slightly 
bitter flavour ; it is colourless and indecomposable 
by heat. It is soluble in water, whether hot or cold, 
1000 parts of water at any temperature between 10® 
and 100* of the centigrade scale dissolvings parts of 
plaster. Its specific gravity is 2*31 \ it contains in 
its natural state 20*9 per cent, of water of crystalli* 
zation, which is given off at a temperature less than 
200** of the centigrade scale (392^ Fahrenheit). 

The gypsum from the best quarries is nearly as 
hard as the calcareous stones; after its water of 
Crystalliisation is driven off, it becomes pulverulent 
and like flour. If fresh water be presented to it in 
this state, it combines with the normal quantity of 
water, and reassumes the form of a hydrate, which it 
had lost by the burning, crystallizing around the 
materials presented to it, and recovering its original 
density and strength to a very great degree. It is 
this property which has led to its use in buildings : 
when the plaster is burnt it is dishydrated; when 
gauged, or worked up, the precise quantity of Water 
it had lost is restored to it. 

F 2 
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The plaster is ^'got'' from the quarries (either un- 
derground or open) by picks and wedges; sometimes 
with gunpowder. Nearly all the quarries round 
Paris are underground ; at Montmartre, nearly the 
whole hill is thus dug out. The stone is broken up 
into small blocks, about the size necessary for rubble 
masonry, before being carried to the kilns. 

The burning of the plaster stone at Paris, and 
throughout the continent, is managed in a very 
slovenly way. The kilns consist simply of three 
sides of a square enclosed by brick walls, covered 
with a rough tiled roof, in which spaces are left to 
allow the escape of the steam. Under this sort of 
shed (for that is a more correct name than that of a 
kiln), the plaster is arranged by constructing, firstly, 
a series of vaults of the largest stones, filling in the 
haunches as the arches are carried up. Upon these 
the remaining stones are piled, paying attention only 
to the fact that the larger ones should be near the 
fireplace formed by the vaults. These are then 
filled with faggots, or other firewood, which is set 
fire to. The flames rise through the spaces left in 
the stones ; they ascend gradually through the mass, 
and distribute, as equally as may be, the heat 
throughout the mass. 

The time of burning necessarily depends upon the 
quantity operated upon at once ; but care must be 
taken that it be not continued so long as to over-cal- 
cine the particles in immediate contact with the fire. 
As was before said, a degree of heat equal to 200^ of 
the centigrade scale is sufficient to drive off the 
water; above that the sulphate of lime appears to 
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lose its power of combining the water for the purpose 
of reassuming the form of a hydrous sulphate. The 
system adopted abroad, as might naturally be ex- 
pected, leads to a vast waste of the raw material, owing 
to the very slovenly way in which it is executed. As 
much as one-fifth is wasted in many of the kilns. 

Some of the London manufacturers adopt a mode 
of preparing the plaster, which obviates not only this 
inconvenience, but also that attending the use of 
coal, which discolours the plaster very much. It 
consists of a kiln so arranged that the fuel is never in 
immediate contact with the stone ; but the chimney 
from the fire-place passes round and round the kiln, 
and communicates its. heat during the whole of its 
passage, rendering the interior in fact an oven. The 
plaster in this case is burnt continuously. 

A system has also been proposed lately in France 
which appears theoretically superior to this process. 
It is founded on the fact that steam at a very great de- 
gree of heat becomes a gas, very greedy of water, and 
able to absorb it from any body it may be put into 
contact with. A jet of steam, heated above 400^ 
Fahrenheit, is then projected upon the plaster stone, 
broken very small comparatively ; it takes up imme- 
diately all the water which is present, and leaves the 
plaster in the state of a pure anhydrous sulphate of 
lime, without waste or discoloration. The diffi* 
culty of this process lies in making the chamber in 
which it is carried on, and all the machinery, suffi- 
ciently strong to resist the action of so very elastic 
a gas as steam at that temperature. But the problem 
has been solved for the drying of gunpowder by a 
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similar use of very bigb-pressure Bteam ; tbere ean, 
tben, be po insuperable difficulty in tbe case of tbe 
plaster. 

Tbe fitone wbicb yields the best deaoriptiQii of 
plaster, without any exception, 19 that found near 
Paris, Oenerally speaking^ its superior hardness, 
and rapidity of setting, is attributed to tbe presence 
of a small quantity of carbonate of lime, which is 
supposed to be converted into a pure lime by calcina- 
tion. But, as Guy Lussac observed, this cannot be 
tbe real explanation, for tba degree of calcination of 
the plaster is never sufficiently high to affect the 
carbonate. The degree of hardness of the plaster 
must then depend entirely upon that of the stone 
from whence it is obtained ; and we generally find, 
in fact, that such is the case-^the hardest stones 
produce tbe hardest plaster, 

A simple manner of ascertaining tbe quality of a 
plaster stone is to put into a vase a certain quantity 
of it in a state of powder, and to pour thereon one 
half in volume of nitric acid, diluted in three times 
its own weight of water. This is allowed to repose, 
and after several hours, the liquid is to be decanted 
very gently. Tbe deposit is to be washed with pure 
water several times, being allowed to rest between 
each of the operations. As soon as the water is 
pure and tasteless, the mixture or deposit is to be 
taken out, spread upon a sheet of paper, and dried. 
Weighed in this state, tbe loss it has sustained re- 
presents the quantity of carbonate of lime present 
in the stone submitted to the analysis. 

After the calcination, the plaster is reduced to 



MOQTAIE^, 8TUCC08| AND CONCRETES. 103 

powdQFi either by hmd or in a inill ; in this state U 
absorbs the humidity of the atmosphere with great 
avidity, and requires to be covered up y^ry.eai^ee 
fully, to seovir^ it ftom contact tberewidi, directly it 
is crushed. There is also, from this ^ason, a very 
great objectipn to transporting the plaster in its miM^ 
nufjsictur^d state for any {pr^at distance* 

When pilled with water^ ik species of confused 
crystalUjiiation talies place, and the plasty in oom'* 
bining with it gives off a considerable portion of its 
latent heat. An augmentation of volume takes plaoOi 
which is supposed to be owing to the efforts of the 
crystals to arrange themselves symmetrically. Un- 
less great attention be paid to this action of the 
plaster, it is likely to compromise seriously the spr 
lidity of the work, Sometimes it is obviated by 
mingling with the plaster substances which mny 
allow the movement of the ^ crystals to take plftpe, 
without affepting the eolonr of the mass. 

piaster is fs^r from having the tenacity of mortar, 
whichf as it is well known^ increases with time, Rout 
delet found that if two bricks were joined togellier 
with this material, they united with one-third more 
force in the commencement than if they had been 
joined with lime ; but that they subsequently lost 
their force of adherencp. A very usefiil application 
of plaster was made by Smeaton in the construction 
of the Sddystone Lighthouse, where ha covered the 
Aresb cement joints with it, to give them the time 
necessary to harden. 

Jn England, where plaster is both bad and expea^ 
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sire, its use is confined to the more expensive de- 
scription of decoration. In France, however, it is 
largely used for the construction of walls, both in- 
ternal and external, as well as for rendering them 
afterwards. If proper precautions be taken to cover 
the surfaces exposed to the weather, and if it be 
painted as soon as dry, the plaster is eminently use- 
ful in such positions ; and replaces very advantage- 
ously the natural cements for all common purposes. 
But it is utterly incapable of resisting the action of 
water. 

As the proprietors of the French quarries of gyp- 
sum are now making vigorous efforts to introduce 
that material, and as from its superior qualities it 
will eventually force itself into general use, if burnt 
near the place of consumption, some instructions 
are added as to the manner of employing it which 
is generally adopted in Paris and the environs. 

The coarser kinds of plaster are used for the or- 
dinary works, such as the rendering of walls and 
partitions; the finer qualities are reserved for the 
ceilings, cornices, and other decorative works. A 
difference is to be observed in the quantity of water 
to be mixed, according to the position and nature 
of the work to be executed. Thus, for walls, the 
plaster must be gauged s^ff for the first coats, 
and more fluid for the setting coat. For cornices 
worked out in the solid, the core is made of stiffly- 
gauged plaster, which is floated with finer material, 
and lastly finished off with plaster laid on by hand 
about the consistence of cream. Practice only 
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can ascertain the precise degree of stiffness to be 
given, especially as every burning yields a different 
quality. 

When walls are to be rendered in plaster, they 
require to be first jointed, and then wetted with a 
broom. The surface is then covered with a coat of 
thinly-gauged stuff laid on with a broom, or at least 
worked with the trowel in such a manner as to leave 
sufficient hold for the next coat. This is gauged 
stiff, and is laid on with the trowel ; it is floated with 
a rule, but the face is finished with a hand trowel. 
Owing to this, and to the fact that the plaster sets too 
rapidly to allow of great pains being taken with the 
floating, the surfaces are never so even, nor are the 
angles so square and trae as with our common system. 
But this mathematical nicety is not really of impor- 
tance in ordinary works, whilst the rapidity with which 
the plaster dries constitutes a real and very impor- 
tant recommendation in its favour. 

The partitions in Paris are generally made solid, 
so as to prevent sound from passing through them. 
They are executed with quarters of oak or of fir, 
according to the nature of the building. Upon the 
quarters, laths are nailed every 4 in. apart, and the 
interior is filled in with plaster rubble. This is 
made even and flush with the laths, and the whole is 
then rendered like an ordinary wall. 

The ceilings are sometimes executed with close 
laths, but the usual plan is to nail them about 3 to 
Sj in. firom centre to centre. A sort of flat cen- 
tering is put under them, and what are called 
^^augets'' are then fonKie4 between in plaster, which 

F 3 
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finish about flush with the under side of the laibs» 
and return up the joists to nearly their total beight, 
forming a sort of channel^ which the workmen often 
finish by drawing a bottle along the sides. The 
thickness in this case should be about 1 inch ; the 
ceiling itself is added underneath ; the floors are 
either of wood, or of tiles upon a bed of plaster 
formed above the joists. The better description of 
such floors and ceilings are often made, however, with 
laths spaced 4J' from centre to centre ; the space 
between ceiling and floor is then filled up with light 
plaster rubble, and the upper and under surfaces are 
rendered to receive the ceiling and the tiles* Ceil* 
ings executed in either of these two last-named man«f 
ners, cost l-^- time those executed either with latha 
or flat "augets." 

In countries like our own, and in Belgium and the 
French Flanders, where the price of plaster is very 
high, it is replaced ^by the use of a mixture of lime 
and sand, to which cows' or calves' hair is added. 
This mixture is then applied upon close lathing foF 
ceilings and partitions, and iu the usual manner upon 
walls. 

The lime generally used for this purpose is the 
chalk lime, which is slacked with a great deal of 
water, and runs from an upper basin in the state of 
a cream into a lower one, where the excess of watev 
is allowed to evaporate. A grating should be placed 
at the entry of the passage between the two basins, 
to keep back the core, or any unslacked particles the 
upper one might contain. The lime run in this 
manner is made into a mortar with a very fine sand; 
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md the hair i^ then added. Fo^ the firit 09^ 
coftrse hair will be most desirable } for the fipisbing 
co^tfi^ it should be finer, 

Jq welUfinished works two coats are given, whi«li 
are distinguished by the names of the ^^ renderiQg/' 
and the ^^ floating." A third coat is then ^dded galled 
the setting coat, which is made of the pur^ lime fu» it if» 
mn from the basin. CeiUngs are afterwards covered 
with a very light coat of plaster, gauged thin, md 
laid on with a trowel. Suoh plastering is very cheap $ 
and if proper i^ttentiou be paid to its execution so as 
to avoid blisters from the use of unslaqlced Ume $ to 
flU the pricks which frequently tAke place in the 
thicker coats, from the unequsl contraction of the 
Ume in setting; and to allow a proper interval for the 
whole plastering to dry before Uie painting, or subse- 
quent decoration to be added, is applied i the lime 
and hair may be safely admitted as ft substitute for 
the natural plaster. The superior rapidity wilth 
whieh the Utter dries, the much superior manner in 
which it tftkes colour, and the degree of hardness it 
attains, will, however, secure it the preference, upless 

very weighty considerations of economy pppove its 
employment. 

One great nse of the sulphate of lime dehydriged, 
pr of the common plaster, is for the purpose of tep^f 
dressing upon the lucerne, trefoil, sainfoin, md other 
arti^cial grasses. This method of using it prevails 
to a very ^reat extent throughout France wd tba 
United States ; but it is comparatively unknown in 
England* Some eicperiments appear to have been 
ohreody mode, but with the English plostei stone in 
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its unbumt state. They did not succeed ; it may be 
owing to the difference of the two stones, or because, 
as the raw gypsum was used, in so very wet a cli- 
mate as ours, its useful action was too rapidly ex- 
hausted. It would also appear that the gypsum 
was used as a manure (for which purpose it is com- 
paratively valueless) instead of being simply em- 
ployed as a top-dressing. In the north-west of 
France the fanners use the plaster in equal quantities 
with the seed sown, or 4 cwt. per acre. It is sprinkled 
gently over the grass crops, and the best time for 
employing it is immediately before a shower of rain. 
This dressing requires to be renewed every year, and 
consequently is rather expensive ; but the results it 
produces are startling, so great is the difference in 
the weight of the grass crops. The objection on the 
score of expense ought now to be obviated ; for with 
the facilities offered by the Paris and Dieppe Com- 
panies, the plaster stone could be obtained in Eng- 
land at a sufficiently low rate to enable manufacturers 
to supply the plaster itself at a price which would 
bring it within the reach of farmers. 

The London manufacturers appear to have been 
running a race lately in bringing out new combina- 
tions of plaster, the result of which only appears to 
be, that they obtain artificially and expensively what 
would be nearly as well obtained by the use of the 
French plaster stone. Amongst the best of these 
inventions is without exception the Keene^s cement, 
which is capable of being worked to a very hard 
beautifiil surface, so hard, indeed, as to be well 
adapted for floors or skirtings. It is obtained by 
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soaking the plaster in alum water after a first calci- 
nation ; it is then put a second time into the kiln, 
rebumt, and ground. The Keene's cement is a very 
beautiful plaster. Why the name of cement should 
be given is, however, a mystery, unless we explain it 
on the ground that the manufacturers wish to keep 
up their charter of applying names without rhyme or 
reason. 

The Parian cement is also composed of a plaster 
base, the gypsum being mixed with borax (the borate 
of soda) in powder, and the mixture is calcined, and 
is subsequently ground. The result is a very beau- 
tiful material ; but it is liable to the same objection 
as the Keene's cement, namely, the expense. 

There are numerous other mixtures of the same 
nature in which the plaster is mixed with one or 
more of the salts. They can hardly be yet consi- 
dered as inventions which have fallen into the do- 
main of publicity ; any detailed description might, 
therefore, be considered as an interference with the 
rights of the proprietors. 



CHAPTER XIII. 

ON STUCCOS. 



The name of ^^ stucco'' is given to a species of plaster- 
ing which is subsequently worked to resemble marble. 
It is generally made of lime mixed with calcareous 
powder, chalk, plaster, and different other substances 
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in such a manner as to obtain in a short time a soU4 
surface, which may be coloured, painted, and polished 
with suflicient perfection to allow of its being used 
instead of the more precious marbles. It is employed 
in architecture to coFer columns, pilasters, wall3j 
plinths; to form mouldings, bas-reliefs, and pther 
analogous objects of decoration* 

Stucco is also sometimes used to protect es^t^rioi^ 
surfaces exposed to the air or to humidity ; but in this 
case such materials only should be used as are capable 
of resisting the action of water. As the materials for 
making stuccos do not exist everywhere in the same 
manner, their pomposiUon must diflTer in every lo« 
cality. The principal object is to obtain a material 
which is capable of acquiring a great degree pf bard- 
ness, and which is able to receive a polish. To ob- 
tain thfse results, one of the most important condi^ 
tions is, that the different Ingredients be reduced to 
the greatest possible degree of fineness, and that tb^y 
possess the power of rapidly solidifying. 

There are two species of stUCCOs, those made of 
limes, and those made of plaster. Of the former it 
is evident that the best must be those which are 
classed under the name of cements ; but their dis- 
agreeable colour prevents their being used, at least 
for ornamental decoration. They serve, however, to 
form the foundations on which the more elegant pre- 
parations are applied, whenever any danger is to be 
feared from humidity. 

The Italians usually execute their stucops in three 
coats; the first is a very coarse one, and forms 
merely what we would call the ^^ rendering*" The 
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mat^mlp of the second are much finer, and they coa<' 
tain a larger proportion of lime $ the nurface being 
thus brought up to a very even, clone grain. The 
laat ^ofit of stucco is made of rich lime which has 
been slacked, and run through a yery fine sieye, and 
is usually allowed to stand from four to five months 
before being used, in order that every particle of it 
may be reduced to a hydrate. If the lime cannot be 
kept for so great a length of time, the slacking may 
be perfected by beating it up very frequently. When 
great perfection is required, it is usual to mingle 
pounded white Carrara marble, or even gypsum or 
alabaster ; but the latter are only used in situations 
which are entirely protected from the action of the 
atmosphere. The powdered marble and the lime in 
the form of a very damp paste are mixed, in equal 
quantities, until the whole is perfectly homogeneous. 
Vitruvius even recommends that the trituration with 
a trowel be continued, so long as any portion of the 
mixture adheres to the iron, before it be applied. 
This preparation is then laid very carefiiUy upon the 
even sur&oe of the second coat of plaster, and well 
worked with the trowel until the face becomes per* 
fectly polished. It forms a very good imitation of a 
marble of an uniform colour. 

The different colours are obtained by mixing with 
the lime such metallic oxides as the case may re- 
quire; thus, to obtain blues, two measures of marble 
powder, one of lime, and a half measure of the 
oxide, or even the carbonate of copper, are mixed 
together. 

To obtain greens, a quantity of the green enamel 
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is used with a larger proportion of marble powder ; 
but the mixture is worked up with lime water. Pearl 
grays are made by mingling ashes with the marble. 
Browns, by mingling ashes and cement in propor- 
tions varying with the tones desired to be obtained. 
Blacks are made by using forge ashes containing nu- 
merous particles of iron. Calcined ochres are used 
to make the reds, as is also litharge, or the red oxide 
of lead ; the yellow oxide of lead serves to give that 
colour. The mixtures thus obtained are subsequently 
laid on in patches ; and the excellence of the work 
consists in the taste with which they are employed to 
imitate the effects, of the natural marbles, so as to 
give either the blending or the distinct opposition of 
colours to be met with therein. 

When plaster is used instead of lime, it is gauged 
with lukewarm water in which size has been dis- 
solved, or fish glue, or gum arabic, in order to fill up 
the pores, to give it more consistence, and to render 
it susceptible of receiving a better polish. This kind 
of stucco is the one more especially employed when 
it is required to produce details of great delicacy and 
perfection. If it be required to produce divers tints 
with this material, the colours should be dissolved in 
the size water before it is used for gauging the 
plaster. 

The polishing should never be commenced until 
the whole of the stucco is perfectly dry. To hasten 
the desiccation a linen may be applied frequently ta 
the face to absorb the moisture which may have 
worked through ; but no friction should be allowed 
until the whole is perfectly dry. The surface is then 
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rubbed with a very fine-grained grit stone, washing 
and cleaning it with a sponge in the same manner as 
a real marble ; it is then rubbed with a linen contain- 
ing moistened tripoli powder and chalk; and the 
whole is finished by a rubber of felt imbibed with oil 
and very fine tripoli powder, which is quite at the 
end changed for a rubber with nothing but oil. The 
thickness of the coat of stucco varies from between 
one-sixth to one-eighth of an inch, for internal works. 

Scagliola is a process of a similar nature to the 
one thus executed, with perhaps some slight differ- 
ences in the manner of setting up and drying the 
coat of plastering which forms its base. There are 
a greater number of small pieces, splinters, ^^ scag- 
liole*' of marble in the best descriptions of this work, 
and it is from them that the process derives its 
name. 

MM. Darcet and Th6nard applied to the interior 
of the dome of the Pantheon in Paris, an encaustic 
for the purpose of rendering the stone fit to receive 
the paintings executed by M. Gros, which answers 
remarkably well for the plaster under similar circum- 
stances. The surfaces to be covered were firstly 
dried by large braziers for the purpose of thoroughly 
drying the stone, and removing all the air contained 
in the parts exposed to the heat, so that the stone 
might be rendered more absorbent, and that the en- 
caustic might penetrate further into it. A mixture 
of 1 part of yellow wax, and 3 parts of oil, in which 
-^h of the whole weight of litharge had been mixed 
before melting, was then applied at a temperature of 
212^ Fahr. It was laid on with a brush, in frequent 
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coatSf uqtil in faet the stone was so thoroughly im- 
pregnated with it that it could absorb no morQ, 
The pictures above-mentioned have resistf^d very 
well for above twenty years in a very exposed po-s 
sition. 

Should the above mixture be too ei^pensive, one 
consisting of 1 part of oil containing f^th of its weight 
of litharge, and of 8 or S parts of rosin, may be sub- 
stituted. This mixture should be allowed to cool, 
and be remelted before it is applied ; the walls being 
previously well dried, and the encaustic laid on in 
five or six coats. Plastering which has been thus 
treated becomes sufficiently hard to resist the nail m 
a very short time; and it is effectually protected 
against any changes of the atmosphere. The action 
of these oleaginous substances is merely to fill the 
pores of the plaster, and thus to prevent the action 
of the moisture. They do not enter into any che- 
mical combination. 



CHAPTER XIV. 



ON THE SALTPETEEING OF LIMES, CEMENTS, 

AND PLASTERS. 

A VERY iqteresting} and at present, nnfertunatelyi e* 
very little understood class of phenomena take# place 
when the materials we have considered are e^» 
posed to certain conditions. We find that in damp 
positions, in new works, walls are often covered with 
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4 eryBtalline substance of 9 white fleecy appearance, 
and of a slightly acid flavour, which works its way 
through apy ordinary coat of paint ; and, as it ab«- 
sorbs the humidity of the atmosphere in efflorescing, 
it renders the walls damp on the surface, and carries 
off the paint in large patches. This process is called 
by workmen saltpetreing, and is in fact the prodnci 
tion of saltpetre Irom the materials employed in the 
ccmstruction of tbQ walls. The rery disagreeable 
effect it producefi upon the decorations, either in-* 
ternal or fi^^ternal, renders the research of its cause 
extremely interesting to the architect or the builder; 
moreover, its aotion upon the durability of stone is 
such, that the study of this singular chemical pheno* 
menon interests the engineer to an equal extent. 

Saltpetre is, properly speaking, a nitratre of pot* 
assa ; but, although it is regarded as the sole cause 
of the appearances we now examine, it is &r from 
being the only substance produced in the particular 
instances j for the nitrate of soda and the chloride 
of potassium are often to be met with in connection 
with the saltpetre itself. 

Very few chemists appear to pay attention to the 
fact that nearly all limestones contain a certain 
quantity of soda and potassa ; or at least in the 
analyses we meet with in chemical works no mention 
is made of their presence. Oeneral Treussart was, 
perhaps, the first to publish any hint upon the sub- 
ject, when he stated that the artificial cements dif* 
fered from those obtained from the septaria nodules, 
inasmuch as the latter contained a small dose of one 
or the other of thpse metallic oxides. But his dis- 
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covery appears to have led no further than to securing 
a better method of making the articles he sought, 
and its influence upon the solution of the question 
before us was quite neglected. 

The ancient chemists believed that the production 
of the saltpetre was to be explained by the combi- 
nation of the nitrogen present in the walls (arising 
from a previous combination of the oxygen of the 
atmosphere with the azote supplied by the decom- 
position of the animal matters contdned in the build- 
ing materials) with the metallic oxides they might 
contain. This theory remained unquestioned until 
M. Longchamp proposed another by which he sought 
the explanation of the phenomenon of the produc- 
tion of the nitrogen, by supposing that the car- 
bonates of lime and of magnesia, taken in a proper 
degree of comminution, and properly wetted, could 
absorb air, condense it, and transform it into nitric 
acid in the course of time ; or rather bring it to that 
state, after condensation, which would cause it to 
enter into combination with the lime and magnesia, 
giving rise to the formation of the nitrates of those 
two substances, and so much the more readily enable 
it to combine with the potassium, especially if it 
were present in the form of a carbonate. 

Under all circumstances, the presence of powerful 
bases, such as the chalk and magnesia, or the potas- 
sium, appears to be necessary, and they require to 
be in a highly comminuted state. Lime in the form 
of chalk, or a highly porous limestone, is favourable 
to the action of the nitrogen. Marbles, and the 
densest class of limestones, nitrify with great diffi- 
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cvlijf hardly at all ; and the limes made from them 
enjoy a correspondiDg immunity from this incon- 
venience. Thouvenel appears to believe that these 
bases only nitrify when in the state of carbonates ; 
but the extraordinary facility with which the sul- 
phates of lime give rise to the formation of the salt- 
petre is not of a nature to persuade us of the univer- 
sality of the law. And, indeed, there are some cases 
to be noticed hereafter, in which it would appear 
that, so far from its being necessary that the lime be 
a carbonate, the nitrification ceases when it becomes 
so in an eminent degree, or is at least much re- 
tarded. 

Whichever theory we adopt to account for the 
presence of the nitrogen, there appear to be certain 
conditions which facilitate the production of the 
saltpetre. Firsfly, a degree of humidity, about equal 
to that of garden earth, is very favourable to it. At 
32° of Fahrenheit, the nitrification does not take 
place ; between 60^ and 70^ it is the most abundant. 
In Sweden, light is considered rather to retard it, and 
an exposition towards the north is always sought for; 
but that does not appear so much to be owing to the 
absence of strong sunshine, as to the evaporating 
efiects of the north winds, which are eagerly desired 
in the artificial nitre factories. Light, in fact, would 
rather appear to be without influence in its action 
than otherwise. The most favourable conditions for 
the formation of the nitre, however, are united in 
cellars, and underground constructions. It is from 
them that the French chemists, during the war, 
extracted the saltpetre necessary for their gunpowder 
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mantifaetures } especially from the demolition of 
cellars executed with plastet instead of mortar. The 
richest of these materials contaid sometimes as much 
as from 6 to 7 pet cent, of saltpetre. 

The nitrification takes place tery freely when Sea 
water and sea sand have been used, so much as to 
render them totally unfit for works requiring any 
perfection of execution. Dumas asserts that there 
is a very considerable quantity of nitre in the sea 
salt; if SO9 it may explain the injurious action of the 
sea water. Brande, it is true, does not mention 
nitre as being present in the sea salt ; but he states 
that the earthy muriates are so in the proportions Of 
between 5 and fi6 per thousand, the sulphates between 
6 and 32^ per thousand. The efiStorescence upon 
works executed with Sea water iS) howevet, rety 
distinctly and decidedly a nitrate of soda ; and^ as it 
occurs in much greater abundance wherevei* it is 
used, notwithstanding Brande's silence, we may safely 
assume^ that some portion at least of the nitre ts 
furnished by it. 

It seems hardly reasonable, in fact, to attribute the 
presence of the nitre entirely to the decomposition 
of the animal matters contained in the building 
materials. These in many cases are submitted at 
times to siich a degree of heal as would artest th^ 
process of decomposition ; but, in the case of bricks, 
we find the nitrification to take place almost imme- 
diately upon their being exposed to the air* It is 
difiScult, also, to explain in this manner the constant 
formation of new crystals of the nitrate of potassa, 
which goes on in the cares of Ceylon, and of La 
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Roehe Guyon, in Fra&ce. In the artificial nitre 
workS; it is true that the nitre is obtained hy mising 
oalear^DUB earths with dedajring animal matter ; but 
the latter requires to be present in sach large pro- 
pdf tions, that we hesitate before we can receive it as 
beilig the only sdUtce from whence the materials 
used in building derive the quantitieiS necesl^afy* 
We are forced to seek the explanation of the phe- 
nomenon in the action of the chemical bases Upon 
the Gonlstituent elements of the atmospheroi It is 
knoWii> liajB Dumas, that the azote and the oxygen 
Combine together under the form of nitric acid, by 
the aid of the electric fluids and under the infliienoe 
of water; The presence of such energetie bases as 
lime and magtiesia may, perhaps, be equivalent to 
that of the electricity ; especially as the porosity of 
the materials enables them to act upon smaller 
quantities at a time. 

The ptactidal bearings of this interelting dhemical 
question, upon the professions of the engineer and 
architect, are ai follows :— * 

Firstly. Bea water, or sea sand, should iieter be 
used in making up mortar, or plaster, which ift likely 
to require painting, or any sort of decoration, such 
as papering, stuccoing, &c. For outside works, the 
use of sea sand which has been well washed in fresh 
water^ and exposed for at least six months^ may be 
admitted, but it is still likely to cause a nitrification ; 
and as the conditions of temperature internally are 
more favourable to that action than externally, it is 
most likely to manifest itself in that direction. There 
is always a danger attending the use of sea sand ; if 
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it can be replaced, it should therefore be so, even at 
an increased expense. 

For such works as sea walls, lock ch^unbers, quay 
walls, &c., it is not of so much importance that the 
nitrification be avoided, provided always that the 
stones used be of such a nature as to resist the 
destructive tendency of the process. Many of the 
oolites are not so able to resist, such as the Portland 
stone, the Caen, and the Bath stone. They should 
not then either be used in conjunction with mortar 
made with either sea sand or sea water ; nor should 
they, in any case, be exposed to the latter. The 
purer crystalline limestones, and the granites, 
resist this cause of chemical decomposition much 
better, and should be employed in such positions in 
preference. It is, however, to be observed that there 
are some kinds of oolite, such as the Kanville stone, 
near Caen, the Koach beds of the Portland, which 
are as little affected by the sea water as the stones 
just mentioned. 

Secondly. When it is absolutely necessary to use 
such materials as we know to be exposed to the 
inconvenience of nitrification, it is advisable to take 
early precautions with the view of preventing the 
action of the atmosphere upon the chemical in- 
gredients. We see that in whatever manner the 
bases absorb the nitrogen, whether from the decom- 
position of the animal matter, or firom the condensa- 
tion of the gases, that could not take place unless the 
atmosphere were in contact with the internal struc- 
ture. If, then, we protect the interior in some 
manner by a coat of paint, or an encaustic, for 
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instance, we shall probably stop the action of the 
nitrification. It is thus, doubtlessly, that we may 
account for the fact that if the Roman cement be 
painted as soon as it is dry, it does not assume the 
action in question ; but if it be left for any length of 
time unpainted, it becomes useless to attempt to 
execute such work. The atmosphere has entered 
the pores of the cement; the nitrates will cause any 
coat of paint to fall off. 

Such a precaution can, however, only be success- 
ful when the body of the work is not of a nature to 
furnish its own nitrogen, if such an expression be 
allowable; or when it is in such positions, and of 
such dimensions, as not to derive it from any other 
quarter. If, for instance, a wall be built of bricks 
made from the alluvial mud of the embouchures 
of rivers, no precautions can prevent the saltpetre 
from forming. Engineers or architects, then, who 
have any decorative works to execute in places 
where such materials only are used, must detach 
them from the walls. If the wall be thin and the 
coat of encaustic penetrate very deeply into the 
plastering, it may happen that the saltpetreing may 
take place entirely on the outside; but this is a 
mere chance, that is to say, it is an action we can 
neither explain nor control ; one, therefore, no pru- 
dent man would rely upon. In very thick walls we 
often find that the saltpetreing does not take place on 
both sides, only on the weather, or exposed side. 
Possibly this may be explained by supposing that 
the limes in the interior have had time to become 
more perfect carbonates before the air can have 
found its way through the pores. But if the process 

G 
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once begin with such thick walls it never leaves off, 
at least within any reasonable time. 

' The workmen in London have a practice which 
may some day serve as a guide to more scientific 
examinations upon the subject. It consists, when- 
ever they use Portland stone in elevation, in cover- 
ing it with a wash made of pounded stone-dust and 
sand, which is rubbed off upon cleaning down the 
work. This very simple precaution serves tem- 
porarily to protect the stone against the formation 
of the saltpetre. But it is to be observed that the 
precaution alluded to is not effectual to stop the 
process of the saltpetreing, otherwise than tem- 
porarily, although it diminishes its force afterwards. 
The process is resumed, but in a weaker degree, as 
soon as the coating is removed. The most reason- 
able mode of accounting for the action of this wash 
is by supposing that it affords a protection to the 
stone, by closing up its pores, during the time it is 
passing from the state of a subcarbonate to a perfect 
carbonate of lime, or from a protocarbonate to a per- 
carbonate ; for a very distinct change takes place in 
the chemical nature of limestones of every descrip- 
tion upon exposure. 

These precautions are unfortunately very doubtful 
in their results ; at every moment we are exposed to 
see the materials which contain soda and potassa 
take up the action of saltpetreing. Many noble 
frescos have perished in this manner ; many of the 
finest buildings have been ruined by the decom- 
position it superinduces in the stones of which they 
are built. The studv of the mode of its action 
Jbecomes therefore highly important ; but it is to be 
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feared that it will continue to be treated with the 
neglect which has hitherto been the lot of the whole 
science of chemistry applied to the arts of building. 
It happens, unfortunately, that veiy few architects or 
engineers are chemists; few chemists are aware of 
the nature of the questions it concerns us so deeply 
to have solved. May the author hope that he has 
advanced the scientific interests of the profession, by 
calling attention, in however humble a manner, to 
the points and questions which appear to him to 
require explanation ? 

GEO. R. BURNELL. 
LoHDOH, Nov. 1849. 



ARTIFICIAL STONE. 

A VERY ingenious improvement has been made in 
the manufacture of this very useful article by Mr. 
Frederick Ransome, of Ipswich, who has recently 
obtained a patent. 

The main feature of this invention consists in the 
use of a solution of flint, as the binding material. 
For this purpose flint or other silicious matters are 
dissolved by caustic alkali, under pressure in a steam 
boiler, by which means a silicated solution is ob- 
tained, possessing the physical properties of gum 
water or glue, being perfectly transparent, and of 
great tenacity. The solution, when in this state, 
may be usefully employed in impregnating wood or 
other similar substances, the subsequent application 
of a weak acid precipitating the silica in the pores 
of the wood, &c. ; the materials are thus rendered 
fireproof and indestructible. 

In the production of artificial stone, for grinding, 
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bnilding) or oraamental purposes, the solution is 
worked up with sand, clay, powdered flint, and other 
raw materials, varying in fineness and quality ac- 
conling to the kind of stone required. The com- 
pound thus produced possesses the plastic properties 
of glaziers* putty, and in this state it is readily 
moulded into any required form, receiving the sharp- 
est and most delicate impressions. 

When moulded, the stone requires to be. dried 
gradually, and afterwards submitted to a red heat in 
a stove or kiln, by which operation the free or un- 
combined silica of the raw materials unites with the 
excess of alkali which exists in the solution, thereby 
forming a semi-vitreous compound, and rendering 
the whole stone perfectly insoluble. 

The applications of this invention are very numer- 
ous. The following are some of the purposes in 
which it may very advantageously be adopted: — 
Grinding stones of all kinds and descriptions can be 
produced from the cheapest and commonest mate- 
rials; sand mixed in certain proportions forming 
the base, and from the perfect regularity of texture 
which is thus secured, the wear is more uniform than 
that of stones of a natural produce. Architectural 
ornaments and decorations of all kinds, columns, 
capitals, balustrades, mouldings, cornices, chimney 
pieces, &c., are produced by employing finer de- 
scriptions of sands, clays, &c. ; floorings, steps, and 
pavements, of any design, can be made in a similar 
manner, and any desired colour imparted to them by 
the employment of various metallic preparations. 
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Thb pablio ikvonr with which Um Radimentery Works on teientifie subjects haTs 
been received induces the Publisher to commence a New Series, somewhat different 
hi character, but which, it is hoped, maj be found equally senrioeable. The 
DicriONAEiBS of the Modoui Lanouaobs are arranged for fadlitj of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a alight 
acquaintanoe with the respectlTe languages. They will also be found of essential 
service for the desk in the merdiant's office and the connting>house, and more 
particularly to a numerous eUss who are anxious to acquire a knowledge of 
uuiguages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dicrioif aries has long been 
felt by the younger students in schools, and by the classical scholar who requires 
a book that may be carried in the pocket ; and it is believed that the present is 
the first attempt which has been made to offer a complete Lexicon of tiie Greek 
Language in so small a compass. 

In the volumes on Enolamd, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 
desire of our industrious classes to acquire substantial knowledge, when placed 
within their reach ; and this has induced the hope that the volumes on History 
will be found profitable not only in an intellectuid point of view, but, which is of 
still hijgher importance, in the social improvement of the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the national 
welfare, or of the character of men best qualified to represent them in Parliament ; 
and this knowledge becomes indispensable in exact proportion as the elective 
franchise may be extended and the system of government become more under 
the influence of public opinion. 

The scholastic application of these volumes has not been overlooked, and a 
comparison of the text with the examinations for degrees given, will show their 
apphcability to the course of historic study pursued in the Univermties of 
Cambridge and London* 
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Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

showing vertical bond-stones. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 

Details of chains. Ditto. 

Ditto and plan of nut, bolt, and retain- 

ing-links. 
Plan and elevation of roller-frames. 
Elevation and section of main blocks 

for raising the chains. 
Ditto, longitudinal section of fixture 

pier, showing tunnel for chains. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan and elevation of cast- 
iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at level of footpath. 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
D«tail of key-stone & Hungarian arms. 
Front elevation of toll-houses and wing 

walls. 
Longitudinal elevation of toll-house, 

fixture pier, wing wall, and pedestal. 
Vertical section of retaining-piers. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at entrance of 

bridge. 
Lamp and pedestal at end of wing walls. 



Separately sold from the above in a volume, price half-bound in morocco £1. 12r. 

An ACCOUNT, with Illustrations, of the SUSPENSION 
BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E., F.R.Sk 

With Forty Engravingt, 
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ORBAT BZBIBITION BUtU>INO. 

The BUILDING erected in HYDE PARK for the 

GREAT EXHIBITION of the WORKS of 

INDUSTRY of ALL NATIONS, 1851: 

lUnstrated by 28 large folding Plates, embraciBg plans, derations, sections, and 
details, laid down to a large scale from the working drawings of the Contracton, 
Messrs. Fox, Henderson, and Co., by Charles Downss, Architect ; with a 
scientific description by Charles Cowper, C.E. 

In 4 Parts, royal quarto, now complete, price £1, lOf., 
or in doth boards, lettered, price JCl. 11#. 6tf. 

*^* This work has every measured detail so thoroughly made out as to enable 
Uie Engineer or Architect to erect a construction of a similar nature, dther more 
or less extensive. 



SIR JOHN RENNTE'S WORK 



ON THE 



THEORY, FORMATION, AND C0NSTRUC5TI0N 
OF BRITISH AND FOREIGN HARBOURS. 

Copious explanatory text^ illnstrated by numerous examples, 2 Vols., Tery neat 

in half-morocco, £18. 

« 

The histoiy of the most ancient maritime nations affords con- 
chisive evidence of the importance which thej attached to the 
construction of secure and extensiye Harbours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful estabhshment of colonies in distant parts of the globe. 

To this important subject, and more especiallj vrith reference to 
the vast extension of our commerce vvith foreign nations, the atten- 
tion of the British Grovemment has of late years been worthily 
directed; and as this may be reaaocably expected to enhance the 
value of any information which may add to our <*Tigfif|g stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
nse^ to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the Views finely 
engrayed under the direction of Mr. Pye : all the Engineering Plates nave dimen* 
sious, with every explanatory detail for professional use. 
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In octavo, cloth boards, price 9#. 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 

AND TABLES, 

For finding the Discbarge of Water from Orifices, Notches, Weirs, 
Short Tubes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams, 
and Bayers. 

BY JOHN NEVILLE, 

ABCHITKCT AND C.E., MKMBBB, BOTAL IRISH ACADEMT, MEMBER INST. C.B. 

IRELAND, MEMBER GEOLOGICAL 80C. IRELAND, COUNTY SURVEYOR OT 

LOUTH, AND OF THE COUNTY OV THE TOWN OF DROGHEDA. 

This work contains above 150 different hydraulic formulse (the 
Continental ones reduced to Enghsh measures), and the most ex- 
tensive and accurate Tables yet pubUshed for finding the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers; with experimental results and co- 
efficients ; — effects of friction ; of the velocity of approach ; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — ^the drainage effects of lono and short weirs, 
AND WEIR-BASINS; — cxtcut of back-water from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure; — water-power, &c. 



TREDGOLD ON THE STEAM ENGINE. 

published in 74 Parts, price 2«. 6d. each, in 4to, illustrated by very numerous 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols, bound in 4, in elegant half-morocco, price "Nine Guineas and a HidL 

THE STEAM ENGINE, 

IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT; 

Practically and amplv elucidating, in every detail, its modifications 
and applications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American 
recently constructed engines, with details, drawn, to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredgold's 
national Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all cases — has commanded a most extensive sale in the several 
]Qnglish editions, and in Translations on the Continent. These 
editions being notQ out ofjprint, the proprietor has been induced ta 
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TRBDGOLD ON THE BTEAM BNGINB. 

enlarge and extend the present edition bj practical examples of all 
kinds^ with the most recent improvements in the construction and 
practical operations of the steam engine both at home and abroad. 

The work is divided into the sections named below^ either of 
which maj be purchased separately : working engineers will be 
thus enabled to select those portions which more especially apply to 
the objects upon which thej may be respectively employed. 

Several scientific men, extensively and practically employed, have 
contributed origmal and really practical papers of the utmost utility ; 
by which the value of this extended ecUtion is much increased. A 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making 
VoL I. In half-morocco binding, price £2,l2i.6d» 

Division B. Marine Engines, British and American, nmnerons plates and wood- 
cuts, making Vol. II. ; bound in 2 vols, half-morocco, price £3. 13«. 6d, 

Division C to 6. making Vol. III., and completing the work, oompriaiiig 
Stationary Engines, Pumping Engines, Engines for Mills, and several examples 
of Boilers employed in the British Steam Na^y; in half-morocoOy price 
£Z. 13f. 6d. 

LIST OF PLATES. 
DIVISION A. — LOCOMOTIVE ENGINES. 



Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Dukib, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 

' through working gear, .transverse 
lection and end view of tender ; plan 
and section of feed-pump ; plan and 
elevation of hand-pump ; details of 
inside framing, centre axle, driring 
axle-box, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Ptrachon 6-wheeled 
goods' engine ou the Great Western 
Railwi^. 

Half-plan of the woridng gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by J. Sewell, L. E., of re- 
sistances per ton of the train ; and 
*^on of engines of the dasa of the 



Great Britain locomotive, includ- 
ing tender, with various loads and at 
various veloeities ; also of the ad- 
ditional resistance in fts. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un- 
loaded. 

Side and front elevation of an express 
carriage engine, introduced on the 
Eastern Counties Railway by Jamea 
Samuel, C. E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto ; with plan and section of 
cylinders, details and sections, piston 
full siae. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers & 
Co., of Mandiester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods' experiments on the 
several sections of old and modem 
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valves of locomotive engines, — ^viz. 
fig. 1. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port open ; fig. 5, 
stroke completed, steam cut off, 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port fuU 
open ; fig. 8, steam eut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -ji^inch lap ; fig. 2, 
f -inch lap ; fig. 3, f -inch lap ; fig. 4, 
l-inch lap, Gray's patent; fig. 5, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender, No. 15, con- 
structed by Messrs. Tayleur, Yulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 



and Co.'s six-wheeled patent loco* 
motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
. box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, & 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, constructed by Messrs. R. & 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, details, &c 



Forty-one plates and fifly-fivt wood engravingi. 



DIVISION B. MARINE ENGINES, &C. 



Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntlbss, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at C D on plan 
of dUtto. 

Engines of H. M. steam ship Tskkiblb, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double, 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 

Flan of engines, showing alio bunken, 
|Middles,&c. 



Oscillating engines of the Peninsnlar 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section« 

Section at engines of ditto. 

Section at boUer of ditto. 

Plan at |piler of ditto. 

Section^t air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Pbinckss Makt and 
PaiNcsBS Mavdb, oonstmcted by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto* 

Section at boilers of ditto. 

Plan of engines of dittos 
bunkers, paddles, Ac. 

Plan of engines of H. M. steam vessel 
SiMOOM, constructed l^ James Wat4 
& Co., (tf London and Soho* 
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Longitudinal section of the Simoom. 

Cross section of ditto. 

Engine of the Red Roybe, side view 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of vesseL 

Plan of the engine of H. M. steam frigate 
Phcbnix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Rubt steam yessel, de- 
vation and plan. 

Sheer draught and plan of vesseL 

Plan of engine of the Wilbervo&cb, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the' Bbbenicb, Hon. E. I. 
Co.'s steam yesseL 

Section of ditto. 

Sheer draught and plaB, stem view, 
and body plan of vessel. 

View of the Berenice, whilst at sea. 

Boilers of H. M. ships Hebmsb, Spit- 
fire, and FiREFLT. 

Kingston's valves, as fitted on board 
sea-going vessds for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, 
comparatively. 

Positions of a float of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a fioat of a vertically 
acting wheel in a vessel in motion. 

Oycloidal paddle-wheels. 

Sailing of steamers in five points from 
. courses. 

Experimental steaming and sailing of 
the CiLLEJBOMiA, Vanguarv, Asia, 
and Medea. 

Engines of H. M. steam ship MEOiSRA. 

Engine of the steam boat New World, 



T. F. Secor & Co., Engineers^ New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 

Steam cylinders, plans, and sections. 

Details. 

Several sections of details. 

Details and sections. 

Details of parts. 

Plans and sections of condenter, bed« 
plates, air-pump bucket, &c. 

Details and sections, injection yalyes. 

Details, plan and elevation of beams, 
&c. 

Details, sections of parts, boilers, &c. 
of the steam boat New World. 

Sections, details, and ]MiddIes. 

Engines of the U. S. mail steamers Ohio 
and Georoia. Longitudinal section. 

Elevations and cross sections of ditto. 

Details of steam-chests, side-pipes, 
valves, and valve gear <Kf ditto. 

Section of valves, and plan of piston of 
ditto. 

Boilers of ditto, sections of ditto. 

Engine of the U. S. steamer Water- 
Witch. Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, &c. of ditto. 

Boilers of the U.S. steamer Powhatan. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Buckbtb 
State. 

Bow view, stem view. 

Plan of the Buckeye State. 

Model, &c. of ditto, wheel-house frame, 
cross section i^ wheel-house, and 
body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body 
plan, of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec- 
tion. 

Engines of the U. S. steamer SusauE- 
hanna. 

Elevation of the U. S. Pacific steam 
packet engine. 

Plan of ditto. . 

Boilers of ditto, end views. 

Ditto ditto. 



Eighty -five engrtnringt 4ind fifty-wie wood-eutM^ 
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DIVISION C. TO G., FORMING VOL. III. 
STATIONARY ENGINES, PX7MPING ENGINES, MARINE BOILERS, &C. 



Side elcYation of pumping engine, U. S. 

dock, New York. 
End elevation of ditto. 
Elevation and section of the pumps, 

ditto. — 2 plates. 
Boilers of pumping engines, ditto. 
Boilers, DetaUs,&c. of pumping engines, 

ditto. 
Plan of the hollers, ditto. 
Isometrical projection of a rectangular 

holier. 
Plan and two sections of a cylindrical 

holler. 
Brunton's apparatus forfeeding furnace- 
fires hy means of machinery. 
Parts of a high-pressure engine with a 

4-pa8saged cock. 
Section of a douhle-acting condensing 

engine. 
Section of a common atmospheric en- 
gine. 
On the construction of pistons. 
Section of steam pipes and valves. 
Apparatus for opening and closing steam 

passages. 
Parallel motions. — 2 plates. 
Plan and elevation of an atmospheric 

engine. 
Elevation of a single-acting Boulton 

and Watt engine. 
Douhle-acting engine for raising water. 
Douhle-acting engine for impelling 

machinery. 
Maudslay's portahle condensing engine 

for impelling machinery. 
Indicator for measuring the force of 

steam in the cylinder, and diagrams 

of forms of vessels. 
Section of a steam vessel vnth its hoiler, 

in two parts—diagrams shovdnj^ fire- 
places —longitudinal section through 

hoiler and fire-places. 
Isometrical projection of a steam-hoat 

engine. 
Plan and section of a steam-hoat eng^e. 
Ten horse-power engine, constructed 

hy W. Faiibaim and Co.-— 4 plates. 
Porty-five horse-power engine, con- 

stmcted by W. Fairbaini & Co.— 

3 plates. 
Plan and section of boiler for a 20.hor8e 



engine, at the manufactory of Whit- 
worth & Co., Manchester. 
Messrs. Hague's douhle-acting cylinder, 

with slides, &c. 
Sixty-five-inch cylinder, erected hy 

Maudslay, Sons, and Field, at the 

Chelsea Water-works. — 5 plates. 
Beale's patented rotary engine. 
Double-story boilers fi H.M.S. Dbyas* 

TATION, 400 H. P. 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Royal Mail 

Company's ships. 
Boilers of H. M. steam sloop BAsiusKf 

400 H. P. 
Boilers of the Singapore, 470 H. P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Great Western. 
Telescopic chimney, or sliding funnci, 

of H. M. ship Htora, 220 H.P. 
Seaward's patent brine and feed valves. 
Boilers of H. M. mail packet UNnih b, 

(Miller, Ravenhill, & Co.) 100 H. P. 
Cross sections of engines of H. M. mail 

packet Undine. 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board H.M.S. 

Meoba, 220 H. P. (Maudslay, Sons» 

and Field.) 
Boilers of H. M. S. Htdra, 220 H. P. 
Plan of the four boilers, vrith the sup- 
plementary steam-chests and shut-off 

valves, of the Avenger. 
Boilers of H. M. steam ship Niger, 400 

H. P., fitted by Maudslay, Sons, and 

Field. 
Experimental boiler, Woolvrich Tard. 
Boilers of H.M. S. Terrible, 800 H.P. 

(Maudslay, Sons, and Field.) 
Boilers K>f the Minx and Teaser, 100 

H. P. (transferred to Wasp.) 
Boilers of the Sambjn, 450 H.P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 H. P. 

(Maudslay, So as, and Field.) 
Boilers of the Niger (2nd plate). 
BoUers of H.M.S. BASiuaK (2nd 

plate). 
Boilers of the UHsm. 
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Boilen of the Boyal Mail steam ships 
Asia and Africa, 768 H. P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

Boilers of H.M.S. La Hoous, 450 H.P. 
(Seaward & Co.) 

H.M.S. SiDON, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
PARBiL, 350 H.P. (James Watt & 
Co.^ 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New Yoiic and 
Liverpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearinii , &c. 

Elevation at steam cylinder end. 

General olan of a turbine water-wheel 
in ope ation at Lowell, Massachusets, 
U. S., by J. B. Francis, C. B. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting surfacing and screw- 
propeller lathe, by Joseph Whitworth 
& Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop's disc engine, by G. & J. 
Rennie, with details. 

Arrangement of engine-room for engines 
of 60 horse-power, for driving pro- 
pellers of H. M. steam vessels Rey- 
nard and Cruiskr, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam four-mills at Smyrna, con- 
structed by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower part, 
plan of hopper, &c. 



StTMMART OF THE ILLX7STIIATIONS. 

Plates. 
Vol. I. Locomotive Engines • • . • . 41 

II. Marine Engines 85 

III. Stationary Engines, Pumping Engines, Engines 

for Flour-Mills, Examples of Boilers, &c., &c. . 100 



Total 



226 



Wood-cuts, 
55 
51 

58 

164 



FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had^ price 2i. 6d. 
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HINTS 

TO 

YOUNG ARCHITECTS: 

OOMFBIBINO 

ADYIGE TO THOSE WHO, WHILE YET AT SCHOOL ABE DESTINED 

TO THE PROFESSION; 

TO SUCH AS, HAYING PASSED THEIR PUPIU6E, ABE ABOUT TO TRAYEL 

AND TO THOSE WHO, HAYING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOOETHXB WITB 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETT OF INSTRUCTIVB AND BUGGESTIVB KATTBI^ 
CALCQLATED TO FACIUTATB THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RBSPONSIBUI 

agents of their employers^ 
and as the rightful judges of a contractor's duty. 

By GEOEGE WIGHTWICK, Architect. 

ooktxntb: — 



Preliminary Hints to Yonng Archi- 
tects on the Knowledge of 
Drawing. 
On Serving his ^me. 
On Trayelling. 
His Plate on the Door. 
Orders, Plan-drawing. 
On his Taste, Study of Interiom 
Interior Arrangementa 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Model Specification :— > 

(veneral Qansea. 

Foundations. 

Well 

Artificial 

Briekwork. 

Bobble Kmqdij 
MiBgied. 

Sxtimdoth 



Model Specification : 

Stone-cutting, 

— , Grecian or Italian only. 

•— — , Gothic only. 

Miscellaneous^ 

Slating. 

TiHng. 

Plaster and Cement-work. 

Carpenters' Work. 

J(uners* Work. 

Iron and Metal-work. 

Plumbers* Work. 

Drainage. 

WeU-digging. 

Artificial Lerelfl^ Conersts^ 
Foundations, Pifing and 
Planking, Paring, Yanltingf 
Bellrhanging, Plumlnqg^ tad 
BaOdiiig gsneril^. 



botrdsy priet 8ti 
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THE ENGINEER'S AND CONTRACTOR'S 

POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

REVISED FOB. 1855-6. In morocco tuck, price 6«. 



CONTENTS. 



Ant, Air in motion (or wind), and wind- 
mills. 

Alloys for bronze ; Miscellaneous alloys 
and compositions; Table of alloys; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1856 and 1856. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

"Ballasting. 

Barlow's (Mr.) experiments. 

Bairel drains and culverts. 

Bell-hanger's prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask ajid malt gauging. 

Cast-iron binders or joints ; Columns, 
formulae of; Columns or cylinders, 
Table of diameter of; Hollow co- 
lumns, Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c. 

Ghatburn limestone. 

Chimneys, &c., dimensions of. 

Circumferences, &c. of circles. 

Coal, evaporating power of, and results 

' of coking. 

Columns, cadt-iron, weight or pressure 
of, strength ot 



Comparative values between the pre- 
sent and former measures of capacity. 

Continuous bearing. 

Copper pipes, Table of the weight of^ 
Table of the bore and weight of cocks 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mill ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging, well-sinking, &c. 

Dodks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
H. M. screw steam tender. 

Earthwork and embankments, Tables 
of contents, &c. 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow ; On 
angle and T iron bars. 

Fairbaim (Wm.), on the expansive 
action of steam, and a new construc- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills.* 

Fluids in motion. 

Francis (J. B., of Lowell, Massachusets), 
his water-wheel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c 

Furnaces and boilers. 

Galvanized tin' iron sheets in London 
or Liverpool, • list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F.R.S., on turbine 
water-wbeels. 

Hawksby (Mr., of Nottingham), hit 
experiments on pumping water* 

Heat, Tables of the e£(ecti of; 
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Hexagon beads and nuts for bolts, pro- 
portional sizes and weigbts of. 

Hick's rule for calculating tbe strength 
of sbafts. 

Hodgkinson's (Eaton) experiments. 

Hungerford Bridge. 

Hydraulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrostatics. 

Imperial standard measures of Great 
Britain; Iron. 

Indian Navy, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

Iron baUs, weight of cast ; bars, angle 
and T, weight of; castings; experi- 
ments; hoop, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers; 
weights of rolled iron. 

Ironmonger's prices. 

/ust's analysis of Mr. Dixon Bobinson's 
limestone. 

Latitudes andlongitndes of the principal 
observatories. 

Lead pipes. Table of the weights of. 

LesUe (J.), C.E. 

Lime, mortar, cements, concrete, &c. 

Limestone, analysis of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet's experiments on overshot 

Marine boilers ; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

Metals, lineal expansion oi^ 

Morin's (CoL) experiments. 

Motion ; motion of water in rivers. 

Nails, weight and length. 

Navies-^ of the United States; Indian 
Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland; 
Portugal; Prussia; Sardinia; Swe- 



den and Norway; Turkey; Russia 
Royal West India Mail Company's 
fleet. ^ 

New York, State of, r^lroads. 

Numbers, Table of the fourth and fifth 
power of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Parkes' 
experiments on boilers for the pro- 
duction of steam. 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid by H. M. 
OfSce of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam engines and boil- 
ers. 

Pumping engines; pumping water by^ 
steam power. 

Rails, chairs, &c.. Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

Rammell's (T. W.) plan and estimate 
for a distributing apparatus by fixe4 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments ; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin's recent experiments on 
the stiffness of ropes; tarred ropes ;: 
dry white ropes. 

Saw-mill. 

Screw steamers. 

Sewage manures. 

Sewers, castings for* their estimates, 
&c. 
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Signs and abbreviations used in arith- 
metic and mathematical expressions. 

Slating. 

Sleepers, quantity in cubic feet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
of the elastic force ; Table of Vessels 
of virar, of America ; of England ; of 
India ; and of several other maritime 
nations. 

Steel, weight of round steel. 

Stone, per lb., stone, qr., cwt., and ton, 
&c.. Table of the price. 

Stones. 

Strength of columns ; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River ; Bridges over ditto. 

Table of experiments with H. M. screw 
steam tender Dwabf ; of gradients ; 
iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
Post-Office Service; pressure of the 
vrind moving at given velocities; 
prices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-vrire rope (A. Smith's), hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 ft., in feet and decimals ; 
dimensions of the principal parts of 
marine engines ; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
virater; expansion of solids by in- 
creasing the temperature; expan- 
sion of water by heat ; heights cor- 
responding to different velocities, in 
French metres; lineal expansion of 
metals ; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters; power of metals, 
&c.; pressure, &c., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheels; pro- 
gressive, dilatation of metals by heat, 
&j.i ixxopurtlon of zeal to theoretica 



discharge through thin-lipped ori- 
fices; quantities of water, in cubic 
feet, dischavged over a weir per 
minute, hour, &c. ; relative weight 
and strength of ropes and chains; 
results of experiments on the friction 
of unctuous surfaces ; scantlings of 
posts of oak ; size and weight of iron 
laths ; weight in ibs. required to crush 
l^-inch cubes of stone, and other 
bodies; weight of a lineal foot of 
cast-iron pipes, in ibs. ; weight of a 
lineal foot of flat bar iron, in ibs. ; 
weight of a lineal foot of square and 
round bar iron ; weight of a super- 
ficial foot of various metals, in lbs. ; 
weight of modules of elasticity of 
various metals ; velocities of paddle- 
wheels of different diameters, in feet 
per minute, and British statute miles, 
per hour ; the dimensions, cost, and 
price per cubic yard, of ten of the 
principal bridges or viaducts built 
for railways ; the height of the boil- 
ing point at different heights; — to 
find the diameter of a wheel for a 
given pitch of teeth, &c. 

Tables of squares, cubes, square and 
cube roots. 

Teeth of wheels. 

Temperature, the relative indications of, 
by different thermometers. 

Thermometers, Table of comparison of 
different. 

Timber for carpentry and joinery pur- 
poses; Table of the properties of 
different kinds of. 

Tin plates. Table of the weight of. 

Tools and machines, prices of. 

Traction, Morin's experiments on. 

Tredgold's Rules for Hydraulics, from 
Eytelwein's Equation. 

Turbines, Report on, by Joseph Glynn 
and others. 

Values of different materials. 

Water-wheels. 

Watson's (H. H.) analysis of limestone 
from the quarries at Chatbum. 

Weight of angle and T iron bars; of 
woods. 

Weights and measures. 

West India Royal Mail Company. 

Whitelaw's experiments on turbine 
water-wheels. 
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'White's (Mr., of Cowes) experiments 

on Honduras mahogany. 
l?Vicksteed*s (Thos.) experiments on 

the evaporating power of different 

kinds of coaL 



Wind-mills ; of air, air in motion, Stc 
Woods. 

Wrought iron, prices of. 
Zinc as a material for use in house- 
building. 



In one Volume 8vo, extra doth, bound, price 9«. 

THE STUDENT'S GUmE TO THE PRACTICE 
OF DESIGNING, MEASURING. AND VALUING 

ARTIFICERS' WORKS; 

Containii^ Directions for taking Dimensions^ abstracting the same, 
and bringing the Quantities into Bill; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

The Measuring, &c., edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 

CONTENTS. 

Prbliminart Observations on Db- 
sioNiNG Artificers' Works. 

Preliminary Observations on Mea- 
sarement, Valuation, &c. — On mea- 
suring — On rotation therein — On 
abstoacting quantities — On valuation 
— On the use of constants of labour. 

BRICKLAYER AND SLATER. 

Design or Brickwork — technical 
terms, &c. 

Foundations — Arches, inverted 
and erect — Window and other aper- 
ture heads — ^Window jambs — Plates 
and internal cornices — String- 
courses — External cornices — Chim- 
ney shafts — On general improvement 
of brick architecture, especially fe- 
nestration. 

Measurement. 

Of diggers' work — Of brickwork, 
of facings, &c. 

Design of Tiling, and technicalterms. 
Measurement of Tiling — Example 
of the mode of keeping the measuring- 
book for brickwork. 



Abstracting Bricklayers' and Tilers' 
work. 

Example of bill of Bricklayers' and 
Tilers' work. 

Valuation of Bricklayers' work. 
Earthwork, Concrete, &c. 

Table of sizes and weights of vari- 
ous articles — Tables of the numbers 
of bricks or tiles in various works- 
Valuation of Diggers'and Bricklayers' 
labour — ^Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete. — 2. A rod 
of brickwork. — 3. Afoot effacing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, and Valv- 
ATiON OF Slating. 

CARPENTER AND JOINER. 

Design of Carpentry -— technical 
terms, &c. 

Brestsummers, an abuse: substi- 
tutes for them — Joists, trimmers, 
trimming-joists — Girders, their abuse 



so 



JOHN WEALE'S 



DESIGNING^ MEASURING^ AND YALUIKG ARTIFICERS WORKS. 



. and right n«e — Substitutes for girden 
and quarter-partitions — Quarter-par- 
titions — Ro^-framing — Great waste 
in present common modes of roof- 
firaming — To determine the right 
mode of subdividing the weight, and 
the right numbers of bearers for 
leaded roofs •^ The same for other 
roofs — Principle of the truss — Con- 
siderations that determine its right 
pitch — Internal filling or tracery of 
tmsses — Collar-beam trusses — Con- 
nection of the parts of trusses — ^Vari- 
ations on the truss; right limits 

, thereto — To avoid fallacious trussing 
and roof-framing — Delorme's roof- 
ing ; its economy on circular plans — 
Useful property of regular polygonal 
plans — On combinations of roofing, 
hips, and valleys — On gutters, their 
use and abuse — Mansarde or curb- 
roofs. 

Pesion of Joinebt — technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 

Mbasubembnt of Carpenters' and 
Joiners' work — Abbreviations. 

Modes of measuring Carpenters' 
work — Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples or Mbasubembnt, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, sham pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion — Sashes and sash-frames (ex- 
amples of measurement) — Shutters, 
boxings, and other window fittings 
— Staircases and their fittings. 

ABSTBAcnNG Carpenters' and Joiners' 
work. 

Example of Bill of Carpenters' and 
Joiners' work. 

Yaluation of Carpenters' and Joiners^ 
work, Memoranda. 
Tables of numbers and weights. 

f ABLBS OF Constants of Laboub. 
Boofs, naked floors — Quarter-par- 



titions — Labour on fir, per foot cube 
—Example of the valuation of deals 
or battens — Constants of labour on 
deials, per foot superficiaL 

Constants of Laboub, and of nails, 
separately. 

On battening, weather boarding — 
Rough boarding, deal floors, batten 
floors. 

Laboub and Kails together. 

On grounds, skirtings, gutters, 
doorway-linings — Doors, framed par- 
titions, mouldings — Window-fittings 
— Shutters, sashes and frames, stair- 
cases — Staircase fittings, wall-strings 
•—Dados, sham columns and pilasters. 

Valuation of Sawyebs' wobk. 

MASON. 

Dbsion of Stonemasons' wobk. 
Dr. Robison on Greek and Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led also 
to the modem 'monkey styles' — 
* Restoration ' and Preservation. 

Mbasubembnt of Stonemason's work. 
Example of measuring a spandril 
step, three methods — Allowance for 
labour not seen in finished stone — 
Abbreviations — Specimen of the 
measuring-book — Stairs — Landings 
— Steps — Coping — String-courses — 
Plinths, window-sills, curbs — Co- 
lumns, entablatures, blockings — 
Cornices, renaissance niches. 

Abstbactino and Valuation. 

Table of weight of stone — Table 
of Constants of Labour — Example 
of Bill of Masons' work.' 

PLASTERER. 

Design of Plasteb-wobk in real 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary ^sease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiling — Con- 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings — Bar- 
barous shifts necessitated by wrong 
ceiling — Technical terms in Plas- 
terers' work. 

Mbasubembnt of Plaster-work. 
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Abbreviations — Abstracting of 
Plasteren* work — Example of Bill 
of Plasterers' work. 
Valuation. 

Memoranda of quantities of ma- 
terials — Constants of Labour. 



SMITH AND.FOUNDEJL 



IN 



On thb Use of Metal-wobk 
Abchitecture. • 

Iron not rightly to be used much 
more now than in the middle ages^- 
Substitutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof -framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 



Measurement of Smiths' and Foun- 
ders' work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Desion, &c of Lead-wobk. 

Measurement of Paint- work — 
Abbreviations. 

Specimen of the measuring-book 

. — ^Abstract of Paint-work — Example 
of Bill of Paint- work. 

.Valuation of Paint-work. 

Constants of Labbur — Measure- 
ment and Valuation of Glazino — 
Measurement and Valuation of 
Paper-hanoino. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of wanning in 
public buildings — Ditto, for private 
ones — Warming by gas. 



In 12mo., price 5«. bound and lettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

ComprisiDg a great variety of the most useful Bules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF SEVERAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers; and practical 
directions for the Smelting of Metallic Ores. 



2 vols. 4to, price £ 2. 16«., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
comprising Elementary and Practical Carpentry, useful to Artificers 
in the Colonies, 
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THE AIDE-MEMOIRE TO THE MILITARY 

SCIENCES, 

Framed from Contributions of Officers of the different Services, and 

edited by a Committee of the Corps of Royal Engineers. The 

work is now completed. 
Sold in 3 vols. £ 4. lOi,, extra cloth board3 and lettered, or in 6 Parts, as follows ; 

j^. 9. d, 
. 14 



Part I. A. to D.| nsw bdition- 

II. D. toF. 

III. F.toM. 

IV. M. toP. 
V. P. toR. 

YL ILtoZ. 
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16 
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16 
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In 1 large Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Private Gentlemen, 

generally, in connection with Valuing, Sarve3ring, Building, 

Letting and Leasing, Setting out, disposing, and particularly 

describing all kinds of Property, whether it be Land or Personal 

Property, Useful to 

Auctioneers Assurance Companies Landed Proprietors 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Arohitects Estate Agents Valuers, &c. 



In I vol. large 8vo, with 13 Plates, price One Guinea, in half-morocco binding, 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common-Place Book of PURE AND MIXED MATHE- 
MATICS ; together with the Elementary Principles of Engineering; 
designed chiefly for the use of Civil Engineers, Architects, and 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., F.R.A.S. 

Third Edition, revised and enlarged by HENRY LAW, Civil Engineer. 



CHAFTKR I. — ARITHMETIC. 

Bbct. 
I. Definitions and notation. 
% Addition of whole numbers. 

3. Subtraction of whole numbers. 

4. Multiplication of whole numbers. 



CONTENTS. 

PART I.— PURE MATHEMATICS. 

Skct. 

5. Division of whole numbers. ^ 
Proof of the first four rules of 
Arithmetic. 

6. Vulgar fractions. — Reduction of 
vulgar fractions. — ^Additios and 
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8bct. 

subtraction of vulgar fractions. 
— Multiplication and division 
of vulgar fractions. 

7. Decimal fractions. — Reduction of 
decimals. — Addition and sub- 
traction of decimals. — Multipli- 
cation and division of decimals. 

S. Complex fractions used in the arts 
and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

9. Powers and roots. — Evolution. 

10. Proportion.— Rule of Three.— De- 

termination of ratios. 

11. Logarithmic arithmetic. — Use of 

the Tables. — Multiplication and 
division by logarithms. — Pro- 
portion, or the Rule of Three, 
by logarithms. — Evolution and 
involution by logarithms. 

12. Properties of numbers. 

CHAPTBR II. ALGEBRA. 

1. Definitions and notation. — 2. Ad- 
dition and subtraction. — ^3. Mul- 
tiplication. — 4. Division. — 5. In- 
volution. — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 
subtraction, and multiplication. 
— Division, involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution of 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 1 1. Progression. — 
Arithmetical progression. — Geo- 
metrical progression. — 12. Frac- 
tional and negative exponents. — 
13. Logarithms. — ^14. Computa- 
tion of formulae. 

CHAPTER III. — GEOMETRY. 

1. Definitions. — 2. Of angles, and 
right lines, and their rectangles. 



Skct. 

— 3. Of triangles. — 4. Of qua- 
drilaterals and polygons. — 5. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

CHAPTER IT. — MENSURATION. 

1. Weights and measures. — I. Mea- 

sures of length. — 2. Measures 
of surface. — 3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 

— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of solids. 

CHAPTER Y. — TRIOONOMBTRT. 

1. Definitions and trigonometrical 
formulae. — 2. Trigonometrical 
Tables. — 3. General proposi- 
tions. — 4. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— Determination of heights and 
distances by approximate me- 
chanical methods. 

CHAPTER VI. CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — 3. Properties of the hy- 
perbola. — 4. Properties of the 
parabola. 

CHAPTER Til. — PROPBRTIX8 OT 
CURVES. 

1. Definitions. — 2. The conchoid. — 
3. The cissoid. — 4. The cycloid 
and epicycloid, — 5. The quadra- 
trix. — 6. The catenary. — Rela- 
tions of Catenarian Curves. 



PART II.— MIXED MATHEMATICS. 



CHAPTER I. — MECHANICS IN GENERAL. 
CHAPTER II. — STATICS. 

1. Statical equilibrium. 

2. Centre of gravity. 

3. General application of the princi- 

ples of statics to the equilibrium 



of structures. — Equilibrium of 
piers or abutments. — Pressure 
of earth against wails. — ^Thick- 
ness of walls. — Equilibrium of 
polygons.— Stability of arches. 
— Equilibrium of iaspeniion 
bridges. 
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CHAFTBR III. — DYNAMICS. 

1. General Definitions. 

2. On the general laws of tinifonn 

and variable motion. — Motion 
uniformly accelerated. — Motion 
of bodies under the action of 
gravity. — Motion over a fixed 
pulley, and on inclined planes. 

3. Motions about a fixed centre, or 

axis. — Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. — Centre of 
gyration, and the principles of 
rotation.— Central forces* 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. *— 

Wheel & axle. — Pulley. — In- 
clined plane. — ^Wedge and screw. 

CHAPTER IV. — HYDROSTATICS. 

1. General Definitions. — 2. Pressure 
and equilibrium of Non-elastic 
Fluids. — 3. Floating Bodies. — 
4. Specific gravities. — 5. On 
capilLiry attraction. 

CHAPTBR V. — ^HYDRODYNAMICS. 

1. Motion and effluence of liquids. 

2. Motion of water in conduit pipes 

and open canals, over weirs, 
&c. — ^Velocities of rivers. 

3. Contrivances to measure the velo- 

city of running waters. 

CHAPTER VI. — PNEUBfATICS. 

1. Weight and equilibrium of air and 

elastic fluids. 

2. Machines for raising water by 

the pressure of the atmosphere. 

3. Force of the wind. 



Skct. , 

CHAPTER VII. — MECHANICAL AGEMi 

1. Water as a mechanical agent, i 

2. Air as a mechanical agent. — Cq 

lomb's experiments. 

3. Mechanical agents depending upd 

heat. The Steam Engine, h 
Table of Pressure and Tempen 
ture of Steam. — General di 
scription of the mode of actuJ 
of the steam engine. — The<H| 
of the same. — Description o 
various engines, and formulae fa 
calculating their power : piccli 
cal application. 

4. Animal strength as a mechanics 

agent. 

CHAPTER VIII. — STRENGTH OP 
MATERIALS. 

1. Results of experiments, and priD« 

ciples upon which they should 
be practically applied. 

2. Strength of materials to resist 

tensile and crushing strains.-^ 
Strength of columns. 

3. Elasticity and elongation of bodies 

subjected to a crushing or ten* 
sile strain. 

4. On the strength of materials sub- 

jected to a transverse strain.— 
Longitudinal form of beam of 
uniform strength. — Transverse 
strength of other materials than 
cast iron. — The strength of 
beams according to the manner 
in which the load is distributed. 

5. Elasticity of bodies subjected to i 

transverse strain. 

6. Strength of materials to resist 

torsion. 
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APPENDIX. 

Table of Logarithmic Diffierenees. 

Table ef Logarithms of Numbers, from 1 to ISO. 

Table of Logarithms of Numbeta, from 100 to 10,000. 

Table of Logarithmic Sines, Tangents, Secants, &c. 

Table of Useful Factors, extending to several places of Decimals* 

Table of nurious Useful Numbers, with their Logarithms. 

Table of Diameters, Areas, and Circumfesenees of Circles, Ac. 

Table of Relations of the Are, Abscissa, Ordinate and Subnormal, in the CatSBttT* 

Tables of the Lengths and Vibrations of Pendulums. 

Tkble of Specific Orarities. 

Table of weight of Materials frequently employed in Constructioii. 

Principles of Chronometers. 

Select Mechanical Expedients. 

Obsenrations on the Effect of Old London Bridge on the Tldea, fte« 

FNlnior Fariah on Tionwtrical PerspectiTe. 
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